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In the present paper a relation between optimal 
twist and the physical properties of fibers, es- 
pecially friction coefficient, staple length, and fiber 
diameter, is derived. The calculations are based 
on the mechanical equilibrium conditions of a single 
stretched fiber within the yarn compound. In a 
twisted staple yarn, fiber tension can only be de- 
veloped and transmitted by frictional forces which 
act near the fiber ends. In these friction zones ten- 
sion will be lower than in the frictionless zones in 
between. This loss of effective tension decreases 
with increasing pressure between the fibers—+.e., 
with higher twist. On the other hand, higher twist 
results in an increasing loss of effective tension 
caused by increasing component effect. Optimum 
twist will be reached when these effects compensate 
each other. 

Thus, the angle of optimal twist can be deduced 
from the differential equation for maximum strength 
which follows from the mechanical equilibrium 
conditions. 


A. Equilibrium Conditions of a Single Helical Fiber 


Most of the papers published recently on the 
mechanics of twisted yarns are based on the as- 
sumption that the tension in the fibers is constant 

* The work described in this eg forms part of a research 
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ciation of Israel. 


throughout their entire length. It will be seen from 
the following calculations that this assumption is 
justified. Only a minor change is introduced when 
the loss of effective fiber length by friction is taken 
into account in strength calculations. 

For the calculation of optimal twist, however, it 
appears to be necessary to take into account the 
loss of ‘‘effective fiber length’’ due to the reduction 
of tension in the friction zones. 

For a single helical fiber the length, /;, of the 
friction zone, which is necessary for the develop- 
ment of a certain tension, 7, in the fiber, can be 
calculated in much the same way as the correspond- 
ing ‘length of contact’’ of a driving belt. 

This problem has already been solved by Euler 
[2], and the details can be found in most of the 
books on technical mechanics [1 ]. 

Euler’s calculations can be divided into two 
parts: 


(a) Evaluation of the normal pressure, P, which 
is exerted on a frictionless surface by a fiber (or a 
belt) of radius of curvature r,; 

(b) Calculation of the fiber tension as a function 
of the length coordinate, x, when friction is taken 
into account. 


The first part of this calculation (@) can, for our 
purposes, be adopted unchanged from Euler [2] 
and need not be elaborated further. Its result is 
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simply given by the equation 


T 
where P is the specific pressure per unit length (e.g., 
kg./cm., if T, the tension in the fiber, is measured in 
kg., and r,, the radius of curvature, in cm.). 

This relation applies also in the case of friction, 
but in the friction zone the tension force, T, will 
change along the length of the fiber. The differ- 
ence, dT, between the tensions at two points, x and 
x + dx, must be compensated by the sum of the 
friction forces along this length element dx. For 
this sum we have 


F = P-f-dx, 


where f is the coefficient of friction between the 
fibers. The equilibrium condition is 


aT = F = P-f-dx = + -f-dx, (2) 


substituting for P from equation (1). 

By integration of this differential equation be- 
tween the point x = 0, with ‘zero tension’’ 7,, and 
the point x = 1, with tension 7,, it follows that 


fy 
T, = Toe . (3) 
Two conclusions can be drawn from this equation: 
(a) Ina fiber of finite length 2/ which is under its 
own pressure P = : only, no tension at all can be 


developed by friction without a “zero tension”’ 7, 
at the ends of the fiber. 

(6) The maximal tension in such a fiber would be 
proportional to this zero tension and to an expon- 
ential function of its “half length,” 7, the friction 


1 
coefficient, f, and the curvature, es 
e 


In the yarn compound, the above equation would 
have to be applied only to the surface layers of the 
fibers. Fibers in the deeper layers would not only 
be under their own pressure, but also under the 
pressure of the outer layers. Without a zero 
tension in the surface layer, however, no tension 
at all would be developed in this layer and therefore 
no pressure exerted on the deeper layers either. 

The assumption of such a “zero tension’’ is 
theoretically feasible with crimped fibers, where it 
could be exerted by the rigidity of the fiber ends, 
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which would have to act as a kind of “hook.” caus 
This friction-independent zero tension would he wan 
decisive for the integral tension in the thread, as qj F 
fiber tensions developed would be proportional to 
its value T>. wk 

The possible influence of crimp on the behavio - 
of threads with exceedingly small or even zero = 
twist, as are used in the production process, may be call 
discussed in a later paper. A 

With regard to finished yarn, however, there § 
seems to be no evidence of such a decisive influence 
of crimp. P 

It is shown in the following section that this ‘ 
assumption of zero tension can be avoided by taking : 
fuller account of the consequences of the random 
tangle existing in the actual yarn. 

B. Random Tangle Assumptions 

Under the conditions of random tangle, no fibers §  ‘‘n 
are contained in their entire length in the surface lie 
layer only. With sufficiently long fibers, parts of Flay 
each fiber are embedded in the inner layers of the su 
yarn. On the other hand, the probability that the 
entire fiber is contained only in the surface layer, 
thus having no effect on the development of strength 
and pressure, will depend on the fiber length and the 
number of fibers per cross section. This factor, 
among others, may limit the “‘count”’ of the yarn, 
which can be spun from fibers of a given length and th 
fineness; with increasing length and fineness the % 





above probability of ‘‘lost fibers’’ will also be suf- 
ficiently reduced for thinner threads. __ 

For most of the average yarns, the following 
first assumption for random tangle is justified: 








Assumption 1.—All fibers contribute to the same 
extent to all the layers of the twisted yarn. 






As the pressure is maximal at the axis, an ideal 
yarn would be obtained if the fibers ended in the 
innermost layer of the yarn. 

On the other hand, in a yarn where all the fiber 
ends are contained in the surface layer, these ends | 
would be ineffective for the development of tension 
by friction, and only the length between two suf- 
ficiently embedded points of the fiber would be 
effective. 

In an actual thread, the influence of this ‘‘statis- 
tical loss of effective length” is almost identical 
with that of the “probability of lost fibers’’ in the 
surface, as discussed above. It may also partly 
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cause the well-known dependence of optimal twist 
on count. 

For the purposes of this paper, where only the 
very first questions of optimal twist are discussed, 
the influence of this statistical aspect of the problem 
will be neglected. It may be treated more specifi- 
cally in a later paper. 

At this time it will suffice to make the following 
second assumption for random tangle: 


Assumption 2.—The friction zones of the fibers 
are, with sufficient accuracy, assumed to lie in a 
“friction layer of medium depth” of radius ry, 
where 


R>r,>0, 1, =aR, (4) 


R is the radius of the thread, and 1 > a > 0. 


It only remains to make a last assumption of a 
“mean twist angle’ of the fibers. This angle will 
lie between the maximum twist angle of the surface 
layer and the zero angle at the axis. The last as- 
sumption is as follows: 


Assumption 3.—For the calculation of pressure, 
a “mean twist angle,’’ 6, lying between zero and 
the twist angle dSsurtace of the outer layer, is 
assumed. 


The ‘‘mean twist angle’’ corresponds to a helix of 
the same pitch as is found in the helix at the surface, 
but its radius, 7;, is smaller: 


R>r>0, re =BR,.1>B>0. (5) 
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The relation between 6 and dsurtace is given by 


tgé a Bt gébsurtace (6) 
(see Figure 1). 

Most layers are composed solely of the frictionless 
parts of the fibers. As no change of tension is 
possible without friction, the tension along the 
whole of the frictionless part of each fiber is constant. 
As each fiber contributes to an equal extent to all 
the layers (assumption /) it follows from our as- 
sumptions that the fiber tension in all layers must 
have the same value T. 


C. Calculation of ‘Friction Length’’ 


The specific pressure P, exerted by a fiber of 
tension 7, mean helix radius 7;, and pitch h is, 
according to equation (1), 

r 
¥, +> (7) 
where r, is the radius of curvature of the helix. 

Geometrical considerations of the curvature of a 
helix lead to the relation 

ve = sin?” (8) 
From equations (7) and (8) together with equation 
(5) it follows that the specific pressure P, exerted 
by each fiber is 


T sin _ ,, sin’ 


P,= oe ae (9) 


The pressure P; in the friction zone of radius ry, 
depends on the number of fiber layers, m, above 
this zone, and is given by 


P; == n-P,, (10) 


where 7 can be calculated from 


n-D=R-—r;= R(i — a), 
R(i — a) 


“a= D ’ 


(11) 
D being the diameter of the fibers. For our pur- 
poses, the pressure P; can, with sufficient accuracy, 
be assumed to remain constant along the friction 
length. According to equation (2) a change of 
pressure actually occurs along this length due to 
the developing ‘“‘own pressure,” but for m > 1 the 
influence of this factor can be neglected. By 
analogy to equation (2) we then get 


dT = f-P,-dx = f-n-P,-dx, 
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where f, n, and P, are independent of x, so that the 
integration simply gives 
T(x) = f-n-P,-x (12’) 
T = f-n-P,°l;. (12) 
Hence, together with equations (9) and (11), 


mn 2 in2 an 
a (sn 7 Se) = 7-7-5 RO 9), 





or 
BD 1 


1 T= ay f sin 2 


D. Calculation of Optimal Twist 
From equation (12’) it follows that the mean 
tension in the friction zone is ; (linear development 


of tension from zero to T). At the ends of each 
fiber we assume a friction length /; with this re- 


Tee: wae 
duced mean tension z (the friction forces at both 


ends working in opposite directions). The effective 
mean fiber tension, Tm, is then given by 
= Peart T 2h ui 
toe ( aE (14) 
L being the mean length of the fibers. 
With the above value of /; we finally obtain from 
equations (13) and (14) 


re je ee 
T= T(1- G57 ms) 


Pes Oe: \ 
-r(1 ia): (15) 


eae Sea 
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For the calculation of the optimal twist angle, 
5m, we also have to take into account the ‘‘compo- 
nent effect’’ of the twist (no ‘‘serigraph effect” [3] 
will exist under the conditions of random tangle 
assumed). Only the component 7,,-cos 6 (Figure 
1) in the direction of the axis will contribute to the 
strength of the thread, and the total strength will 
be proportional to 


= ° = — Y ° 
S(6) = Tn-cosé6 = T (1 55) cos 6. (17) 


where 


(16) 





The function S(é) is given in Figure 2 for the 
value y = 0.013. It will be —« for 6 = 0 (zero 
twist), reach S = 0 for y = sin*6, rise very quickly 
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to a maximum at 6,, and fall again to zero at § = 
90°. 

The value of the optimal effective twist angle, 
dm, can be calculated from the maximum condition 


_ dS(6) _ d ae: 
0 = = a(t — garg) 008 









giving 





sin‘é, + y:(sin’6, — 2) = 0. (18) 





The only solution of this equation of the fourth 
degree which is of interest is given by 


sin ts «= D4 FE + ty. (19) 


This equation establishes the final relationship 
between the angle of optimum twist, 6,, and the 
physical properties of the fiber, which are con- 
tained in equation (16) for y: 


rey | ee 
¥" @—a)-Lf 


y depends only on the values of D, L, and f (diam- 
eter, length, and friction coefficient of the fibers), 
and also on the two values of a and £8, which corre- 
spond to our assumption for random tangle and 
must lie between unity and zero. They will nor- 
mally have a value about halfway between these 
limits, and, as a first approximation, it may be 
assumed that 
















a=6=05. 


For these values of a and 8, the calculation for 7 | 
will take the simpler form 


D 


y= Lf’ (16’) 





containing only measurable properties of the fibers. 
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Fic. 2. Change of strength with twist. 
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The consequences of this simplified form of 
equation (19) is discussed in Section F. 


E. Numerical Evaluation of the 
Angle of Optimal Twist 

The angle of optimal twist is evaluated here for 
fibers having the following properties: diameter 
of fibers, D = 204 = 0.02 mm.; mean _ staple 
length, L = 8 mm.; friction coefficient, f = 0.2. 

From these figures it follows that 

0.02 


By using equation (19), we then have 


sin 6, = 0.395, 
and, hence, 


5, = 23.3°. (20) 


According to our definition, the angle 6,, refers 
to a mean layer of radius r, = BR. The corre- 
sponding twist angle of the surface layer, Ssurtace, 
which is generally found in the literature, is re- 
lated to 6, according to equation (6): 


tgbm _ Bt gbsurtace- (6) 
From tgéim = tg 23.3° = 0.43 and B=0.5 it 


follows that tgésurtace = 5 t8bn = 0.86, and in the 


surface layer the angle of optimum twist is given by 


Ssurface = 40.5°. (21) 


F. Discussion 


According to our final equation, the dependence 
of the angle of optimal twist, dsurtace, on fiber length, 
L, is represented by Figure 3, where a = 8 = 0.5, 
D = 20u, and f = 0.2. 

No absolute accuracy can be claimed for these 
calculations since the assumption a = 6B = 0.5 isa 
rather rough approximation to the actual values. 
More accurate values could only be established 
after a thorough mathematical and experimental 
investigation of the statistics of random tangle in 
the actual yarns. 

However, the agreement of the order of magni- 
tude and the general trend of the dependence of the 
experimentally known angles of optimal twist on 
the length, L, seem to be even better than might 
have been expected under these circumstances. 
The agreement would not be changed essentially 
by the application of slightly different values of 
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a, 8, or f because the above curve is fundamentally 
a function of y only, which is shown in Figure 3 as 
the second scale of the abscissa. 

Changes in D would also be represented by a 
function of the same form as that of y. 

On the other hand, the extent of the dependence 
of the twist angle on the length seems to be greater 
than is generally stated in the literature. 

This difficulty could be formally overcome by 
taking into account that only the minimum value 
of the friction length has been applied in our calcu- 
lations. The friction coefficient, f, is defined as 
being related only to the maximum value of the 
friction force, F, which can be reached, without 
gliding, under pressure P. We have already made 
use of this fundamental fact when assuming the 
existence of a “frictionless zone”’ (fettective = 0!) be- 
tween the friction zones. The possibility that lower 
values of f must also be taken into account in the 
friction zones can therefore not be discounted, and 
it may even be necessary to consider lower values 
for more accurate calculations. 

There seems to be no physical reason, however, 
why these values should be lower for longer staples 
than for shorter ones, if the assumption of friction 
zones concentrated at the fiber ends is equally 
justified in both cases. 

In reality, however, these friction zones will 
depend on the relative stretching of the fibers 
which are in contact in the random tangle yarn. 
The friction zones of short fibers normally must be 
situated near the end of the fibers so that the yarn 
can be stretched. With longer fibers, several zones 
of friction may develop along the length of the 
fiber, and only between these zones will the ‘‘fully 
stretched zones” of the fiber be found. 
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TABLE I. PERCENTAGE OF Loss IN EFFECTIVE LENGTH 


Y 0.025 0.0125 0.0063 0.004 0.002 
L (mm.) 4 8 12 25 50 
% Loss 12 8 5.5 4.5 3 


Under these conditions, the ‘‘effective fiber 
length’’ would be defined as the ‘“‘mean distance of 
friction zones’ along the fibers. This distance 
will, for a given random tangle compound, be al- 
most independent of the actual fiber length. The 
main difference between short and long fibers 
would then be a reduction of the number of un- 
stretched ‘‘lost ends’’ with increasing fiber length. 

For a thread of 100 fibers per cross section, for 
instance, a length, L, of 8 mm. would correspond to 
about 10 turns along the mean helix. Applying 
the above considerations, we should expect that, 
with long staples also, “friction zones”’ occur after 
a number of turns of about this magnitude. It 
seems that such a situation may represent the actual 
facts much better than an assumption of a reduced 
effective coefficient of friction for longer staple. 
More exact information on these and related ques- 
tions can only be gained by an investigation of the 
mathematical and experimental statistics of the 
actual conditions of random tangle in spun yarns. 


In Table I the percentage (1 _ FF) 100 = 


L 100 is given for different values of y. For the 


Ly 


above values of a, 6, D, and f, the fiber length, 
L, is also given in Table I, row 2. 

Even for y = 0.0125 and L = 8 mm., the loss in 
strength amounts to only 8%, as can be seen from 
the values given, thus fully justifying the neglect of 
this factor in the calculation of yarn strength, as has 
been done successfully in former experimental and 
theoretical papers on this question. 

It is well known that the twist actually applied 
in the manufacture of yarns is generally consider- 
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ably below the optimum twist for maximum 
strength. This practice results from the fact that 
maximum strength, though important for the 
quality of the finished article, may nevertheless be 
less decisive than other properties of the yarn, such 
as abrasion- and crease-resistance and so forth, 
Abrasion may be due partly to insufficiently bound 
fibers becoming detached from the yarn compound, 
Crease may be effected by. the gliding and regliding 
of fibers and yarns. In both cases, frictional 
forces are likely to be of fundamental importance 
and could be established along the lines indicated 
in this paper. 


G. Summary 


The equations of mechanical equilibrium of a 
single stretched fiber in the staple yarn compound 
have been established, and the conditions for 
optimal twist derived therefrom, making certain 
assumptions regarding random tangle. 

For fibers of 0.02 mm. diameter and 8 mn, 
length and with a friction coefficient of 0.2, a 
“twist angle”’ of 41° was calculated. 

For longer staple fibers, agreement with experi- 
mental results can be improved by assuming the 
presence of additional friction zones along each 
fiber. In a thread of 100 fibers per cross section, 
for instance, such additional friction zones may 
have to be assumed after about every 10 turns of 
each helical fiber. ° 
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Analysis of Staple Fiber Mixtures 


D. C. Fisher and E. D. Roberts 


Benger Laboratory, E. I. du Pont de Nemours & Co., Inc., Waynesboro, Virginia 


Abstract 


Methods were developed for the qualitative and quantitative analyses of staple fiber blends con- 


taining acetate, dynel, wool, nylon, viscose rayon, cotton, Orlon acrylic fiber, and Dacron poly- 


ester fiber in any combination. 


The qualitative analysis involves determination of density and 


microscopic appearance; the quantitative analysis employs selective solvents. 
The methods presented in this paper are suitable for the analysis of most blends in use at the 


present time. 


Introduction 


There is an increasing trend toward the use of 
man-made fibers in textiles, and the variety of syn- 
thetic fibers available for use is increasing. Man- 
made fibers already in use on the woolen spinning 
system are acetate, rayon, dynel, nylon, Dacron * 
polyester fiber, and Orlon * acrylic fiber. The use of 
blends of two or more staple fibers is of growing 
importance in the textile field. In 1951, blends of 
various synthetic fibers with wool came into con- 
siderable prominence in the woolen and worsted 
branches of the industry. Dyers and finishers have 
just begun to get these fabrics in quantity. It is likely 
that the use of blends will increase with time. Blends 
of Orlon-nylon, Orlon-wool, dynel-wool, rayon-wool, 
Dacron-wool, and dynel-nylon-cotton are already on 
the market. The research and development sections 
of the Armed Services are carrying on extensive 
programs on a practical scale to determine the rela- 
tive merits of various wool blends with all of the syn- 
thetic fibers. 

Because of the availability of an increasing variety 
of man-made fibers for textile uses, and especially 
because of the growing interest in the use of blends 
of various fibers in textile fabrics, methods for the 
identification of fibers and for the quantitative deter- 
mination of the constituents of a blend are in great 
demand and are becoming increasingly important. 

Methods have been developed for the identification 
and quantitative determination of the following eight 
fibers in any combination: acetate, dynel, wool, ny- 





*Du Pont trademark. 


The nature of the methods presented is such as to permit extension by suitable 
modification for use in the detection and determination of other fibers also. 





lon, rayon, cotton, Orlon, and Dacron. It is expected 
that blends having more than three constituents will 
be encountered only rarely, if at all. However, the 
method outlined for the quantitative analysis of 
these fibers is designed to allow the complete analysis 
of a blend containing all eight fibers. After the 
qualitative composition of a blend has been estab- 
lished, the quantitative scheme may be followed with 
the omission of those steps dealing with fibers known 
to be absent. 

For the qualitative identification of fibers, a sepa- 
ration into groups is made according to density, by 
means of a density gradient tube. The members 
within a density group are identified by means of the 
cross-sectional and longitudinal appearance when the 
fibers are examined under the microcope. 

The method used for the quantitative analysis de- 
pends upon the use of selective solvents in order to 
dissolve one species of fiber from all the rest, and 
the amount of this fiber is determined by difference— 
that is, by filtering off, washing, and drying the re- 
maining fibers to constant weight, and taking the 
weight of the fiber dissolved as being equal to the 
loss in weight of the sample. 


Preparation of Sample 


Finishing agents on the sample are removed be- 
fore analysis. This is usually accomplished as fol- 
lows: boil the sample in water containing a deter- 
gent (1% Duponol WA flakes fatty alcohol sulfate), 
rinse, and dry at 100°C; then boil in carbon tetra- 
chloride for 15-20 min. and rinse with fresh portions 
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TABLE I. 





Microscopic APPEARANCE OF FIBERS 


Neen nnn 


Cross-sectional appearance 


Density group A 
Orlon acrylic fiber 


Nylon 
Dynel Irregular ribbon shape 
Density group B 

Wool 

Acetate 

Dacron polyester fiber 


Oval shape; dark 
Crenulated shape 
Circular shape 


Density group C 
Viscose rayon 
Cotton 


Dog-bone or clover-leaf shape 


Circular shape; smooth skin 


Irregular crenulated shape 
Irregular shape; smooth skin; 
having the appearance of 


Longitudinal appearance 


Smooth surface; showing contour lines result. 
ing from the characteristic cross section 

Smooth surface; no contour lines 

Smooth surface; showing broad contour lines 


Rough surface; numerous overlapping scales 
Smooth surface; showing contour lines 
Smooth surface; no contour linés 


Smooth surface; showing contour. lines 
Surface roughness and imperfections; twisted 
irregular fiber 


a hollow filament because 
of the presence of so-called 


“lumen” 





of the solvent; allow the sample to dry partially in 
air and then dry completely at 110°C. Resin- 
treated samples require pretreatment or other pre- 
cautions which are not covered in this paper. If 
the sample to be examined is in the form of fabric, 
it is shredded or raveled before the analysis. 


Fiber Identification 
Density 


After preparing the sample as described above, a 
qualitative separation of the fibers is accomplished 
by the use of a density gradient tube. The density 
gradient tube permits the classification of fibers into 
three groups according to density. Densities are 
measured at 25°C. 


Density 
group Fibers Density range 
A Orlon, nylon, and dynel Less than 1.30 
B Wool, acetate, and Dacron 1.30 to 1.40 
G Rayon and cotton 1.45 to 1.55 


A suitable density gradient tube [2] is prepared by 
mixing carbon tetrachloride and heptane in a 250-ml. 
graduated cylinder so that a smooth gradient is ob- 
tained between the densities of 1.10 and 1.60 g./ml. 
at 25°C. Densities at fixed points are found by using 
calibrated floats, and a graph is made plotting den- 
sity versus height in the tube. Fibers are dropped 
into the tube and allowed to come to equilibrium. 
The height at which an individual fiber floats at 
equilibrium is measured, and by reference to the 
prepared graph the density of the fiber may be de- 
termined. 


Microscopic Appearance 


The most powerful tool for fiber identification is 
the microscope, which is used to examine the cross- 
sectional and longitudinal appearance of the fiber. 
This tool.is most discriminative when used to ex- 
amine the fibers in each density group. However, 
fibers from the original sample can be examined di- 
rectly with the microscope if desired. Fibers in each 
density group can be distinguished easily by their 
microscopic appearance. However, if the original 
sample is examined directly, it is not possible t 
distinguish between Dacron polyester fiber and n, 
lon, and it is difficult to distinguish between acetat: 
and rayon. Care must be exercised in obtaining 
representative sample, and sufficient samples must 
be examined to insure that all fiber species present 
in the samples are found. 

Descriptions of the microscopic appearance of 
the eight fibers examined are given in Table I. 


Quantitative Analysis [1, 4] 


After the qualitative composition of the sample has } 
been established, a quantitative separation is carried | 
out, following the exact order given below. Steps for | 
the removal of fibers known to be absent are omitted, 
but the fiber species which are present in the sample 


must be removed one at a time. 


The sample is treated for the removal of finish, as 


described above, dried to constant weight (+ 0.2%) 
at 110°C, and stored in a desiccator. 


Because of the high hygroscopicity of certain fibers | 
in the moisture-free condition, especially wool and 
rayon, difficulties may be encountered in drying sam- 
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ples to constant weight when the relative humidity 
in the laboratory is high. This difficulty may be 
minimized by heating samples in weighing bottles 
and weighing samples quickly with the bottles closed. 

A sample weight of 1-2 g. should be used, and the 
analyses should be run in duplicate. 

A dry, weighed sample is treated with the solvent 
used for the removal of the first fiber in the solubility 
series given below that is present in the sample. The 
undissolved fibers remaining after this treatment 
are washed and then filtered on a 200-mesh stain- 
less steel screen or coarse sintered glass filter. The 
fibers are partially dried on the screen at 110°C, 
then removed and placed in a weighing bottle for 
final drying at 110°C to constant weight (+ 0.002 
g.), cooled in a desiccator, and weighed. The fibers 
can be removed more easily from the screen after 
partial drying. The difference between the weight 
of the sample and the weight of the residue after 
removal of one fiber species is taken as the weight 
of that fiber. 

This process is repeated on the residue from the 
first treatment, using the solvents one at a time for 
the removal of each of the rest of the fibers present. 
After all but one fiber species have been removed, 
the weight of the residue is taken as the weight of 
the remaining fiber species. 

, It is usually desirable to prepare a synthetic sam- 
gje of the same qualitative composition as the un- 
known and to analyze the two samples in parallel 

in order to provide a check on the completeness of 
extraction of each fiber. Average correction factors 
for the fibers obtained by this ‘laboratory from the 
analysis of synthetic blends are given in Table IT. 

The steps for the quantitative separation of the 
fibers are outlined below in the order to be followed 
in the analysis. 


Acetate 


Add 150 ml. of an 80% (by volume) solution of 
acetone in water to the sample. Agitate frequently 








TABLE II. Correction Factors* 

Fiber f Fiber f 
Acetate 0.96 Viscose rayon 0.96 
Dynel 1.015 . Cotton 1.05 
Wool 0.99 Orlon acrylic fiber 1.00 
Nylon 1.04 Dacron polyester fiber 0.99 





* Weight of the fiber in the sample = weight of the fiber 
extracted X f, where f = the correction factor. 
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during a 30-min. period. Decant the supernatant 
liquid, pouring it through the filter screen. Wash 
the residue twice, by decantation with 80% acetone 
and then with warm water. Filter and dry to con- 
stant weight at 110°C. 


Dynel 


Add 150 ml. of acetone (100%) to the sample. 
Heat on a steam bath at 40°C for 30 min., and agitate 
frequently during this period. Decant through the 
filter screen. Wash the residue twice by decantation 


with acetone. Filter and dry to constant weight at 
110°C. 


Wool 


Add 100 ml. of sodium hypochlorite solution 
(3.3% available chlorine) to the sample, and agitate 
frequently for 15 min. Decant the supernatant liquor 
into an empty beaker. Rinse the residue twice with 
distilled water, and decant these washings into the 
same beaker. Take especial care during these de- 
canting operations to avoid loss of fibers. Discard 
the decanted liquor and washings. Rinse the residue 
three more times with distilled water, filter, and dry 
to constant weight at 110°C. 

If concentrations of sodium hypochlorite much 
greater than that specified above are used for the 
removal of wool from samples containing viscose 
rayon or cotton, some of the cellulosic material will 
be dissolved. In the absence of rayon and cotton, 
sodium hypochlorite containing 10% available chlo- 
rine can be used to remove wool. However, this 
is probably not warranted, since no difficulty was 
experienced in dissolving wool in the reagent solu- 
tion containing 3.3% available chlorine. 


Nylon 


Place the sample in a glass stoppered flask, add 
50 ml. of formic acid (90%-99%), and shake fre- 
quently during a 30-min. period. Decant the liquid 
through the filter, add 50 ml. of fresh formic acid, 
stopper, and allow to stand an additional 30 min., 
with frequent shaking. Decant and wash the resi- 
due with four 25-ml. portions of formic acid. Then 
wash thoroughly with water. Filter and dry to con- 
stant weight at 110°C. 


Rayon and Cotton 


If both rayon and cotton are not present in the 
same sample, the procedure given below for the re- 


Stine 
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moval of cotton can be used for either rayon or cot- 
ton. However, if these two fibers are present in the 
same sample, and if the percentage of each must be 
determined, a separation can be accomplished as 
described below. This separation is not precise, how- 
ever, since only about 96% of the rayon present is 
separated from the cotton. 


Viscose Rayon 


Add 100 ml. of concentrated hydrochloric acid to 
the sample, and allow to stand for 10 min., with fre- 
quent stirring. Decant the acid into an empty beaker 
and discard. Take especial care during this opera- 
tion to avoid loss of fibers. Rinse the residue by de- 
cantation six times with distilled water, pouring the 
washings through the filter screen. Wash once with 
1N ammonium hydroxide and rinse with distilled 


water. Filter and dry the residue to constant weight 
at 110°C. 


Cotton [1] 


Add 200 ml. of 70 + 1% sulfuric acid (sp. gr. at 
20°/4°C = 1.6105) to the sample. Heat to 38°C for 
15 min., and stir frequently. Pour the acid solution 
and fiber cautiously but quickly into 600 ml. of cold 
water in a l-liter beaker. Rinse the container with 
two 50-ml. portions of water, and add the washings 
to the acid solution and fibers. Filter by decantation, 
and wash the residue five times with cold water. 
Add 200 ml. of a 2% solution of sodium bicarbonate 
to the fibers, and allow to remain for 5 min. Filter 
on the filter screen, and wash the fibers thoroughly 
with water. Dry to constant weight at 110°C. 


Orlon Acrylic Fiber 


Add 100 ml. of a 70% solution of ammonium thio- 
cyanate to the sample, and boil for 10 min., stirring 
frequently. Filter by decantation. Wash the residue 
twice with portions of hot 70% ammonium thiocya- 
nate solution, and then wash five times with hot 
water. Filter and dry to constant weight at 110°C. 


Dacron Polyester Fiber [3] 


The weight of the residue remaining after the 
above seven fibers have been removed should repre- 
sent the weight of Dacron present in the original 
sample, provided that no other fiber than the eight 
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fibers discussed here is present. However, this resj- 
due of Dacron may be dissolved, if desired, as follows: 

Place the sample into 150 ml. of a boiling 40% | 
solution of sodium hydroxide, and continue to boil 
until the sample is dissolved., The sample should 
completely dissolve within 45 min. However, if a 
residue is left, rinse with water, then with dilute 
acetic acid, and finally with water again. Filter and 
dry the residue to constant weight at 110°C. 











Summary 






Methods are presented for the qualitative and 
quantitative analysis of blends or fabrics composed 
of eight fibers—namely, acetate, dynel, wool, nylon, 
viscose rayon, cotton, Orlon, and Dacron—in any 
combination. The qualitative analysis involves a 
separation into groups according to density and the 
identification of members within a group by micro- 
scopic appearance. The quantitative analysis in- 
volves the separation of the individual fiber species, 
in the order given, by using selective solvents. The 
solvents used for specific fibers are as follows: 















Fiber Solvent 
Acetate 80% acetone 
Dynel 100% acetone 





Wool Sodium hypochlorite 

Nylon Formic acid 

Viscose rayon Concentrated hydrochloric 
acid 

70% sulfuric acid 

Ammonium thiocyanate 

40% sodium hydroxide 







Cotton 
Orlon acrylic fiber 
Dacron polyester fiber 
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Observations of the Birefringence and Refractive 
Index of Synthetic Fibers with Special 
Reference to Their Identification 


A. N. J. Heyn* 


School of Textiles, Clemson Agricultural College, Clemson, South Carolina 


Abstract 


Birefringence and refractive indices of synthetic fibers are measured by the polarization color 


and immersion methods. 


These properties prove to be much more consistent and characteristic for synthetic fibers than 
for natural fibers and rayons, to which previous studies had mainly been confined. These fea- 
tures can therefore be used in the identification of syrithetic fibers. 

A simple polarizing device for making these measurments using an ordinary microscope is 


described. 


Introduction 


Refractive index and birefringence are two of the 
optical characteristics of textile fibers. They are 
related to the internal (molecular) structure of the 
fiber, and are independent of factors which determine 
its outer (morphological) features. It appeared to 
be of interest, therefore, to investigate in a systematic 
comparative study the use which could be made of 
these optical characteristics in differentiating the new 
synthetic fibers, of which the outer, microscopic fea- 
tures are less distinctive and significant, varying often 
with small differences in the manufacturing process. 
The results of such a study are given in the present 
paper. 

The index of refraction, n, of a textile fiber varies 
with the plane of vibration of the incident light, and 
generally has a maximum value, ”,, when the light 
vibrates in the length direction (axis) of the fiber, 
and a minimum value, m,, when the light vibrates 
perpendicular to the fiber. The double refraction or 
birefringence is the numerical difference between 
these values, m, — m,, and is termed “positive” if the 
refractive index is greater in the direction of the fiber 
axis, N, > mq, and “negative” if it is greater in the 
direction perpendicular to the axis, my < mq. 

The birefringence or, more generally, the optical 
anisotropy of fibers is of a complex nature, being a 


* Professor of Natural and Synthetic Fibers. 


composite of intrinsic birefringence, which is due to 
the crystalline structure of the microcrystallites of 
the fiber, and form birefringence, which is due to the 
fact that the oriented rod-shaped microcrystallites 
are embedded in a medium of different refractive in- 
dex—namely, the amorphous portion of the fiber. 
By special methods, it is possible to separate these 
birefringences, but this paper deals only with the total 
or composite birefringence.* 


Study of Polarization Colors and Birefringence 


The birefringence of fibers can be determined with 
the polarizing microscope by examining the fiber be- 
tween crossed nicol prisms—.e., the planes of vibra- 
tion of the nicols being perpendicular to each other. 
If an anisotropic fiber is examined in this way, it 
will appear colored on a black background. When 
the fiber is rotated through 360° it passes through 
four positions at 90° intervals where it appears dark 
(extinction positions) alternating with four positions 
of maximum brightness. The extinction in fibers 
is not always complete, due to the imperfect orienta- 
tion of the component crystallites—for instance, the 
spiral structure in many vegetable fibers. 

The appearance of polarization colors is the re- 
sult of a difference in velocity of the two light beams 


* A third type of birefringence occurs as a result of elastic 
deformation of the material and is called stress birefringence 


[26]. 
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(vibrating in planes parallel and perpendicular to the 
fiber axis) into which the incident light is resolved 
when passing through the fiber. This difference 
causes one beam to be retarded with respect to the 
other beam. The amount of retardation depends 
on the difference in velocities and the thickness of 
the material. This relation is expressed by the fol- 
lowing equation : 


R=T(n, — n,), 


where FR is the retardation, 7 the thickness of the 
fiber, and n, — n, the birefringence. 

The retardation will cause a difference in phase 
between the two beams, which is equal to the retarda- 
tion divided by the wave length of the light in ques- 
tion. As a result, some wave lengths will be can- 
celled out, so that the transmitted: light will be col- 
ored. The hue of the polarization color depends on 
the amount of retardation. It is possible to determine 
the retardation from the polarization color, and, 
knowing the retardation, to determine the birefrin- 
gence if the thickness is known. 

Up to the present time, the comparative and sys- 
tematic study of the birefringence of fibers by their 
polarization colors has been confined mainly to 
vegetable fibers and rayons, Various authors have 
tried to classify these fibers by their optical behavior 
between crossed nicols and to differentiate them by 
their polarization colors. This endeavor has not 
been fully successful because the polarization color 
depends on both the thickness and the birefringence 
of the fiber; the first quantity is variable and not 
easily determined in natural fibers because of such 
structural irregularities as lumen, tips, etc., and the 
second quantity is varied considerably in rayons by 
the spinning process (degree of stretch). 

With regard to their general behavior between 
crossed nicols, the above textile fibers have been 
grouped into three classes [9]: (1) those that are 
completely dark in the extinction position (e.g., wool, 
silk, rayons) ; (2) those that retain some brightness 
in the extinction position (e.g., jute, hemp, flax) ; and 
(3) those that have constant brightness in all posi- 
tions (cotton) [13]. Only in few cases has it been 
possible to differentiate further between the individ- 
ual vegetable fibers by polarized light methods—for 
instance, between flax and hemp [14]. 

With regard to the rayons, it has been found that 
acetate rayon always shows very dim colors, indi- 
cating a, low birefringence or absence of any bire- 
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fringence, whereas the other rayons show bright 
colors, indicating a higher birefringence [1, 9, 15, 17, 
25]. Therefore, these two types of rayons can be 
readily distinguished under the polarizing microscope, 
An accurate quantitative determination of the bire- 
fringence of these fibers by their polarization colors 
(as in the identification of minerals) has not been 
possible with most natural fibers and rayons. 


It is shown in the present study that circumstances | 


are more favorable for the application of the polari- 
zation color method to the identification of the new 
synthetic fibers. First of all, the variation of bire- 
fringence within most types of the commercial syn- 
thetic fibers is small. This can be explained by the 
fact that the orientation of microcrystallites and 
molecules in these fibers is generally more consistent 
(parallel to the fiber axis) as a result of the “cold 
drawing” process. Therefore, the birefringence of 
individual synthetic fibers is more characteristic for 
the type of fiber in this group. Moreover, in most 


cases the polarization color can be evaluated ac- | 


curately in terms of birefringence because many of 
these fibers have pure cylindrical cross sections (so 
that the thickness can be determined accurately from 
the diameter). It is possible, therefore, to determine 
the birefringence of these fibers from their polariza- 
tion colors, and to differentiate the main synthetic 
fibers by their birefringence. 


Method 


The fibers are mounted in Canada balsam * or 
mineral oil. Water can be used in the case of most 
synthetic fibers, but not in the case of viscose rayons 
or other fibers which swell in water, because swelling 
greatly influences the birefringence. 

The fibers are oriented with their long axis in the 
45° position under crossed nicols. 

Various methods can be used for determining the 
retardation. Visual comparison with a color chart f 
in which the retardation corresponding to the various 
colors is given is the simplest but least accurate 
method. 

By using a first-order red plate (gypsum) or 
quarter-wave plate (mica), the estimated retardation 
may be checked. 


* When necessary, the fibers are first dehydrated in Cello- 
solve (made by Union Carbide and Carbon Corp., N. Y.). 

+ For instance, the chart by Michel-Levy. A good colored 
reproduction is found in “Optical Mineralogy,” by Regers 
and Kerr, New York, McGraw-Hill, 1942, p. 145. 
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The plates are generally inserted above the ob- 
jective in the microscope tube, one of their optical 
directions forming a angle of 45° with the directions 
of the crossed nicols. The gypsum plate causes a 
retardation of 550 my, and the mica plate a retarda- 
tion of about 125 my, which is added to or substracted 
from the retardation by the fiber, depending on the 
orientation of the plate relative to the fiber. 

Most commercial retardation plates are so mounted 
in a rectangular holder that higher (“addition”) 
colors are produced when a positive birefringent fiber 


is parallel to the length direction of the holder, and 


lower (“subtraction”) colors when the fiber is ori- 
ented at right angles to the length direction of the 
holder. In the case of a negative birefringent fiber 
the situation is reversed. By using these plates it 
can easily be ascertained whether the fiber has posi- 
tive or negative birefringence. 

The retardation can be directly and more ac- 
curately determined by using a compensator. Either. 
the (calibrated) quartz wedge or other types—e.g., 
the Berek compensator—may be used. The wedge 
is inserted in the 45° position (either in the tube above 
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the objective or in the eyepiece) and moved in its 
length direction until compensation is reached—when 
the central part of the fiber is dark and the back- 
ground has the same color as the central part of the 
fiber had originally. (In order to obtain compensa- 
tion, the direction of the fiber must be parallel or per- 
pendicular to the length direction of the wedge, de- 
pending on whether the fiber has positive or negative 
birefringence, respectively.) 

From the retardation, determined by one of 
these methods, and the thickness of the fiber (di- 
ameter of cylindrical fiber), the birefringence is 
obtained directly from the chart mentioned above. 
Figure 1 is an uncolored reproduction of such a chart. 
The coordinates represent retardation and thickness ; 
each line in this coordinate system (correlating these 
quantities) represents a certain birefringence. 


Observations of Cylindrical Synthetic Fibers 


As a result of the decrease in thickness of the fiber 
from the center towards the edges, a series of col- 
ored bands appear along the length direction of the 
fiber, the colors at the edge being lower in the scale. 
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Diagram showing relation of polarization colors and retardation (path difference) to thickness and bire- 


fringence of material. In this instance the data apply to “fiber” properties rather than “plate” properties. 


(Permission was granted by the publisher to reprint this diagram, which appeared in “Optical Crystallography,” by 
E. E. Wahlstrom,. New York, John Wiley & Sons, Inc., 1951.) 
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If the birefringence is low, the decrease in thickness 
towards the edge of the fiber causes only a narrow 
line of color on the fiber edges different from the 
major color in the center. At very low birefringence, 
the entire fiber has one uniform color. 

The results of the measurement of birefringence 
of synthetic fibers are given in Table I. In this table 
are given the polarizing colors observed with differ- 
ent synthetic and regenerated fibers of definite deniers. 
The addition and subtraction colors obtained with a 
first-order red plate and a quarter-wave plate are 
also given as an illustration of the method. The bire- 
fringence is given in the next to the last column, and 
the retardation per 10 » thickness in the last column.* 

The highest birefringence is found for commercial 
nylon fiber (DuPont), which shows a series of many- 
colored longitudinal bands. The birefringence is 
.060, which corresponds to a retardation of 575 mp 
per 10, fiber thickness. Undrawn nylon shows a 
very low birefringence; the fiber is uniformly gray 
under crossed nicols. The birefringence is .002 and 
the retardation 20 mp per 10» fiber thickness. This 
proves that the birefringence of the commercial fiber 
is connected largely with the oriented state of the fiber 
after the drawing process. 

Perlon (a nylon fiber produced by Kunstseide- 
fabrik, Bobingen, Germany) has birefringence al- 
most equal to that of commercial nylon. 

Dacron (a polyester fiber made by DuPont) has a 
birefringence of .015, with retardation of 140 mp per 
10 » fiber thickness. 

Glass fiber (Fiberglas, Owens-Corning Fiberglas 
Corp.) and Vinyon HH (American Viscose Corp.) 
do not show any birefringence at all, and remain 
completely dark in all positions under crossed nicols. 

Of the new acrylic fibers, Acrilan (Chemstrand 
Corp.) and X-51 (American Cyanamid Co.) both 
have negative birefringence, as shown in the table 
by the reversed addition and subtraction colors. The 
X-51 fiber has a low negative birefringence of — .003, 
with a retardation of 30 mp per 10 » fiber thickness ; 
Acrilan has a negative birefringence of — .006, with 
a retardation of 60 mp per 10, fiber thickness. 

On the basis of these data, it is possible to differ- 
entiate these different types of cylindrical synthetic 
fibers and to group them as follows: (J) fiber with 
high birefringence, nylon; (J/) fiber with intermedi- 


* The retardation value is given for convenience in pre- 
dicting the polarization color at any other thickness of the 
fiber. 
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ate birefringence, Dacron; (JJ) fibers without bire- 
fringence, glass fiber and Vinyon HH; (JV) fibers 
with negative birefringence, Acrilan and X-51. 


Observations of Noncylindrical Synthetic Fibers 


Many synthetic fibers have a ribbon-like longitudi- 
nal appearance and a dog-bone cross-sectional shape, 
which are often connected with a fibrillated structure. 
Due to the irregularities in shape, the polarization 
colors of these fibers are less consistent, so that it is 
difficult to evaluate them in terms of birefringence 
because the thickness of the fiber cannot be measured 
accurately. For this reason, the values given in 
Table I for these fibers are less significant than those 
for cylindrical synthetic fibers. 

Orlon (Dupont) differs from the other acrylic 
fibers discussed in the above section in that it has a 
positive birefringence. The approximate value for 
the birefringence is .010. Dynel (Union Carbide and 
Carbon Corp.) has a very flat cross section, and its 
estimated birefringence is .012. Vinyon CF has a 
dog-bone-shaped cross section and no fibrillation, 
The approximate birefringence is .006 to .008. All 
of these three fibers show uniform gray polariza- 
tion colors under crossed nicols and almost complete 
compensation with a quarter-wave plate at a fiber 
thickness of about 10 p. 

Vinylon * (or Kuralon, a new synthetic fiber of 
the vinyl alcohol series produced in Japan [2] ) has 
a noncircular cross section and fibrillation; it has a 
higher birefringence than the previous fibers—ap- 
proximately .020 at a fiber thickness of 10. This 
fiber is uniformly yellow under crossed nicols with 
brown-colored “cracks” in the length direction which 
are related to the fibrillation. 


Observations of Rayons and Other Regenerated 
Fibers 


For comparison with the above measurements and 
with the results of other investigators, a few meas- 
urements were carried out on rayons. 

The birefringence of rayons cannot be determined 
very accurately from the polarization colors because 
the thickness of the fiber cannot be measured exactly 
from its diameter due to its irregular cross section. 
The accuracy, however, is higher than in the case 
of the noncylindrical synthetic fibers. 

The birefringence of rayons depends a great deal on 


* Samples were obtained through the courtesy of Dr. G. 
Susich, Quartermaster Depot, U. S. Army, Philadelphia, Pa. 
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the amount of stretch applied during the spinning proc- 
ess. This is illustrated by the experimental viscose 
samples of no stretch and 70% stretch.* The birefrin- 
gence of the unstretched viscose fiber is approxi- 
mately .007, and of the 70%-stretch fiber approxi- 
mately .022. The commercial samples of viscose 
rayon of low stretch (for instance, Narco, North 
American Rayon Corp.) generally show one uniform 
color, but with viscose rayon of higher stretch (for 
instance, Supernarco, North American Rayon Corp.) 
streaks of different colors or a center of different 
color than the border are often observed. The latter 
appearance is also found in low-stretch rayons of 
larger diameter. 

Fortisan (Celanese Corp.), a rayon of very high 
orientation, shows an exceptionally high birefringence 
of .045, with a retardation of 400 mp per 10» fiber 
thickness. This fiber shows borders of different 
color even at a diameter as small as 10 p. 

The birefringence of ordinary commercial viscose 
rayons varies between .020 and .025, with retarda- 
tions of 200 to 300 my for 10, fiber thickness. A 
sample of cuprammonium rayon (Bemberg) had a 
somewhat lower birefringence of .018, with a retarda- 
tion of 160 my per 10 » fiber thickness. These results 
agree with those of earlier. investigators [9, 15, 19, 
24]. 

With viscose rayons mounted in water, a much 
lower birefringence is found as a result of the swell- 
ing of the fiber. The following birefringences and 
retardations (mp per 10, fiber thickness) in water 
were found: Fortisan, .022 and 210; experimental 
rayon with 0% Godet stretch, .012 and 125; the 
same with 70% Godet stretch, .005 and 50; Super- 
narco, .009 and 85; Narco, .007 and 65; Englo 
(American Enka Corp.), .008 and 80. These re- 
sults on swelling agree with findings by others [12, 
22]. (In model filaments of viscose rayon, the 
double refraction was found to be inversely propor- 
tional to the degree of swelling[12].) 

Commercial acetate rayon does not have any bire- 
fringence at all, and is dark in all positions under 
crossed nicols. Highly stretched acetate from which 
Fortisan is made has a birefringence of .008, with 
a retardation of 90 my per 10 » fiber thickness. 

Of the other regenerated fibers, Vicara (Virginia 
Carolina Chemical Co.) has a low birefringence of 


* Samples were obtained through the courtesy of American 
Viscose Corp., Marcus Hook, Pa. 
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TABLE II. 


VARIATION OF BIREFRINGENCE IN VARIOUS 


TYPES AND DENIER SIZES OF NYLON 


Retar- 
dation 
Di- (mp/ 
am- 10u 
eter thick- 
Denier (u) ness) 


High Tenacity 
300 210/34 30 


Normal Tenacity 
100 70/34 20 
109 Bright 
200 Semidull 
216 Semidull 
105 Old 


Bire- 
frin- 
gence 


2000 * 065 


1100 055 
20/20 12 600 055 
40/34 14 750 055 
30/10 22 1100 050 
60/20 22 1150 053 





_ 


.009, with a retardation of 100 my per 10 p» thickness. 
At a thickness of 16 the fiber is uniformly gray 
under crossed nicols. 

Alginate fiber (Courtaulds Ltd.) has a very low 
birefringence of .001, with a retardation of 20 mp 
per 10. Ata thickness of 30, the fiber is almost 
completely dark under crossed nicols. 


Variability of Birefringence of Synthetic Fibers 


It has been mentioned that the birefringence of 
commercial rayons varies with the degree of orienta- 
tion. Essentially the same principle holds true for 
synthetic fibers. The birefringence of commercial 
synthetic fibers, however, was found to be very con- 
stant for each type of fiber. This can be explained 
by the complete orientation of most commercial 
fibers as a result of the “cold drawing” process.* 

Table II illustrates this consistency by measure- 
ments of the birefringence of various types and denier 
sizes of nylon. The birefringence of ordinary com- 
mercial nylons of normal tenacity varies within a nar- 
row range of .050-.055. High-tenacity nylon, type 
300, has a little higher birefringence of .065, as may 
be expected. 

These results show a greater suitability of the 
method for the identification of synthetic fibers as 
compared to rayons and natural fibers, where a higher 
degree of variability is found between groups, be- 
tween the individual fibers of a single group, and 
within parts of the same individual fiber. (See the 
footnote on p. 520.) 


* This orientation is shown by the x-ray diagrams of these 
fibers [16]. 





Study of Refractive Indices 


It was considered worth while to make a study of 
the refractive indices of the new synthetic fibers, in- 
cluding a comparison of the birefringences calculated 
from these values with the birefringence ‘values ob- 
tained by the method: described above. 


Method 


The refractive index of a fiber can be determined 
microscopically by the immersion method, in which 
the material is mounted in liquids of various refrac- 
tive indices [4, 19, 21, 24]. 

In a liquid whose refractive index is the same as 
that of the fiber, the outline of the fiber in the mount- 
ing liquid vanishes. When the two refractive in- 
dices do not match, a bright line (“line of Becke’’) is 
seen on the outline of the fiber.* 

The determination is carried out with polarized 
light vibrating in the direction of the fiber axis and 
perpendicular to it. The numerical difference be- 
tween refractive indices thus obtained is the bire- 
fringence. The method is rather laborious and re- 
quires the use of a large number of accurately gradu- 
ated immersion liquids. Although some authors [5, 
6, 7] have tried to simplify the method, it has not 
been widely applied until now for routine identifica- 
tion of textile fibers, but has been used extensively 
in research, especially research on rayons and cotton 
[7, 8, 10, 11, 12, 18, 20, 22, 23]. 

The immersion liquids used in this study were a 
certified series prepared according to Shillaber ; + 
each liquid differed from the preceding one in re- 
fractive index by .002. The fibers were examined 
with an 8-mm. petrographic objective using plane 
polarized light. 


Observations of Synthetic Fibers 


The refractive index of a single fiber can be de- 
termined by this method as accurately as .001 unit 
on most fiber types (for a discussion of the accuracy 
of the method refer to [24]). 


* When the microscope is slightly focused up, the bright 
line is found inside the fiber if the fiber has the higher re- 
fractive index, and outside the fiber if the liquid has the 
higher refractive index. When the microscope is focused 
down, the situation is reversed. At equality of indices the 
line is absent. 

+ Shillaber’s Certified Index of Refraction Liquids are 
marketed by Wards Natural Science Establishment, Inc., 
Rochester, N. Y. 
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The refractive indices of cylindrical fibers ya 










































































only very slightly between the individual fibers in g - 
specific group, but indices of noncylindrical fibers es 
show some variation.* 
Eee ae as ts : the 
The determination of refractive index with the the 
Becke method proved more difficult with noncylin. cott 
drical fibers than with cylindrical fibers. In the case 
of cylindrical fibers—for instance, nylon—the te. § OD. 
fractive index can be determined readily without any I 
eyestrain, and the position of the Becke line can be § cho 
recognized easily. In the case of noncylindrical fibers § giy 
—especially Dynel and Orlon—a greater concentra- § ine 
tion, resulting in greater eyestrain, is required for § the 
accurate determinations. There are various reasons § the 
for this. In the first place, the particular shape of § at 











the fiber—for instance, dog-bone cross-sectional 
shape—may cause confusing light concentrations, 
Furthermore, the internal fibrillation and cracks and 
the surface striations of the fiber generally result in 
the inclusion of air when the fiber is immersed in the 
liquid. This air gives rise to dark lines and dark 
air pockets as a result of the total reflection of light. 
For a reliable determination of refractive index, 
therefore, it is advisable to select fibers from the 
group which contains a minimum amount of air. If 
the fiber has a “skin,” another difficulty may be in- 
troduced, as the skin may have a different refractive 
index from the central part of the fiber. In this case 
the Becke method would determine the refractive in- 
dex of the skin, so that the birefringence which is 
calculated cannot be compared with the value obtained 
by the method of polarization colors, which is the 
over-all refractive index. The skin generally shows 
up as a bright line on the edge of the fiber and inter- | 
feres with the clear observation of the Becke line. § 
Although it is quite possible to determine the refrac- 
tive indices of this last group of fibers with the Becke 
method, the method is much too time-consuming for 
routine determinations for fiber identification. 

The results of the determination of refractive in- 
dices of synthetic fibers with the Becke method are 
summarized in Table III, in which the fibers are 
ranked according to the largest refractive index, 
n,. The refractive indices of different fibers do not 
show large differences; the lowest is that of Orlon 
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*In natural fibers and rayons some authors describe a 
variation of refractive index between different fibers of the 
same sample and even between parts of one individual fiber 
{3, 6, 18]. This is in agreement with the observation of 
“streaks” described on pp. 518-19 for special rayons when 
examined between crossed nicols. 
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and highest that of nylon. The values for most fiber 
types vary within narrow limits. The birefringence 
calculated from these values is given in the next to 
the last column; the birefringence determined from 
the polarization color is given in the last column for 
comparison. 


Observations of Regenerated Fibers 


Unlike most synthetic fibers, Vicara (Table II!) 
shows a variability of refractive indices between in- 
dividual fibers ranging from 1.532 to 1.536. In im- 
mersion liquids of these values some fibers may show 
the Becke line on the inside of the outline, while at 
the same time neighboring fibers show the Becke line 
at the outside of the outline of the fiber. A similar 
variation is found with Alginate fiber, which has about 
the same refractive index as the foregoing fiber, rang- 
ing between 1.530 and 1.534. Similar variations have 
been described by others [3, 6, 18] for natural fibers 
and rayons. 


Comparison of Methods and Results 


The refractive indices given in Table III agree 
satisfactorily with the determinations of birefringence 
from polarization colors given in Table I. In ac- 
cordance with the polarization color results, X-51 and 








TABLE III. ReEFRactivE INDICES OF SYNTHETIC 
FIBERS DETERMINED BY THE BECKE 
IMMERSION METHOD 





Bire- 
frin- 
gence 
from 
polar- 
ization 
color 

.010 
— .003 
— .006 
.000 
.006 


Bire- 
frin- 
gence 
Nat (ny —MNa) 
1.500—1.510 — 
1.516 — .004 
1.520 — .004 
1.526 .000 
1.527 .005 
1.531 .005 .012 
1.536—1.532 — .009 
1.554—1.530 — .001 
1.532 — .015 
1.547 .000 .000 
1.522 .025 .020 
1.519 .063 .065 


* Vibration direction of light parallel to fiber axis except 
for X-51 and Acrilan, where the direction was perpendicular 
to the fiber axis. 

ft Vibration direction of light perpendicular to fiber axis 
except for X-51 and Acrilan, where the direction was parallel 
to the fiber axis. 

t Could not be determined. 


Fiber n* 
Orlon 1.500—1.510 
X-51 1.520 
Acrilan 1.524 
Vinyon HH 1.526 
Vinyon CF 1.532 
Dynel 1.536 
Vicara 1.536—1.532 
Alginate 1.534—1.530 
Dacron —t 
Glass fiber 1.547 
Vinylon 1.547 
Nylon 1.582 


521 


Acrilan are found to have negative birefringence. In 
the case of fibers with high birefringence, the quanti- 
tative agreement of the values obtained with the two 
different methods is good. At lower birefringences 
(e.g., 004) the refractive index method appears to 
give less accurate results, as may be expected since 
the subsequent liquids only differ by a value of .002. 
In Dynel a discrepancy is found. 

With regard to use of the methods, the determina- 
tion of polarization colors in synthetic fibers appears 
to be much quicker, more convenient (resulting in 
less eyestrain), and more accurate for determining 
the birefringence than the separate determination of 
indices by the Becke method. 


Description of a Simplified Polarizing Device 


The use of a special petrographic microscope and 
accessories involves special expenses which in many 
cases would make the determination of birefringence 
and refractive index for fiber identification imprac- 
tical. 

The following is a discussion of the adaptation of 
an ordinary microscope, using an inexpensive device 
which is satisfactory for the above determinations. 
Instead of nicol prisms, polarizing discs * may be 
used, one being placed above the diaphragm of the 
eyepiece and the other above the condenser dia- 
phragm (for determination of refractive index only 
one disc is used). By rotating the eyepiece so far 
that the originally bright field of the microscope be- 
comes dark, the discs are oriented into “crossed posi- 
tions.” The fiber is oriented on the stage by first 


* Made by the Polaroid Company, Cambridge, Mass. 


Fic. 2. Schematic drawing of the eyepiece compen- 
sator disc. a—Polarizing disc, with vibration direction 
as indicated by arrow. b and c—Superimposed segments 
of retardation plates, with optical directions perpendicu- 
lar to each other and at 45° to the vibration direction in 
a, as indicated by arrows. f—Fiber. 
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finding its extinction positions by rotating it through 
360°, and finally placing it in the intermediate posi- 
tion (45° position). With this simple equipment it 
is entirely possible to differentiate synthetic fibers by 
their polarization colors. 

For more accurate determinations of birefringence 
the “eyepiece compensator disc” designed by the au- 
thor may be used (see Figure 2). This disc consists 
of a polaroid disc, a, with two segments of gypsum 
or mica plates (first-order red or one-quarter wave 
length, b and c) superimposed on it (glued with 
Canada balsam) in such a way that a central strip 
corresponding to one-third of the microscopic field 
is left uncovered while both side segments are covered. 
The retardation strips are so oriented that their main 
optical directions form an angle of + 45° and — 45° 
with the vibration direction of the polaroid disc, and 
their own optical directions are perpendicular to each 
other. This plate is placed on the diaphragm of the 
eyepiece, with the polaroid disc upward. The eye- 
piece with disc is rotated until the vibration direction 
of the disc is perpendicular to the vibration direction 
of the other polarizing disc under the stage. The 
central field, a, will then be dark. 

A fiber, f, oriented perpendicular to the length di- 
rection of the uncovered central strip, a, will show the 
normal polarization color within the central portion, 
and addition or subtraction colors in the two side 
sections b and c. (Herzog [9] described a “univer- 
sal eyepiece,” in which gypsum retardation plates are 
mounted in the eyepiece, but without being combined 
with a polarizing disc as suggested here. ) 

By providing one eyepiece with such a first-order 
red compensator and another with a similar quarter- 
wave compensator, all determinations described in 
this paper can be carried out without the use of a 
special petrographic microscope. 
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Chromatographic Studies of the Silk Fiber 


Part I: The Amino Acid Composition of Two Sericin Fractions 


F. Bryant 


Research Laboratory, Prestige Limited, Melbourne, Australia 


Abstract 


Sericin isolated from raw silk was found to be readily separable into water-soluble and water- 


insoluble fractions. 


Such fractions were qualitatively analyzed for amino acid content by paper 


partition chromatography, and distinct differences between the fractions were detected. 


Introduction 


The separation of several distinct sericin fractions 
has been reported many times since Riguat de Saint 
Quentin in 1784 first wrote of the solubility of silk 
“gum” in boiling water. Anderlini [7], Mosher 
[38, 39], and Rutherford and Harris [46] reported 
the isolation of three fractions, while Bondi [12], 
Brossa [14], Shelton and Johnson [47], and Kodama 
[33] reported only two fractions. The accumulated 
evidence suggests, however, that “sericin does not 
necessarily exist as a mixture of proteins in the raw 
silk but that the various fractions make up decom- 
position products” [37] such that their relative pro- 
portions depend largely upon the particular method of 
isolation used [19, 46]. Hirose [28, 29] extended 
the multiplicity of the sericin proteins by isolating 
and examining a whole series of allegedly distinct 
fractions, but experimental results seem to indicate 
clearly that sericin contains both water-soluble and 
water-insoluble fractions. The present investigation 
describes the results of qualitative analysis for amino 
acid content of two such fractions, using the paper 
partition chromatography method. 


Experimental 
Isolation of Sericin Fractions 


The method used follows that of Kodama [33], 
which differs from that of Rutherford and Harris 
[46] only in the omission of the use of the auto- 
clave. It has recently been shown [34] that during 
degumming in an autoclave at 114°C most of sericin 
A is transformed into sericin B. 


Two skeins (approximately 100 g.) of Japanese 
13/15 denier Special AAA raw silk were soaked for 
6 hrs. in enough water to cover them completely. 
They were washed in more water, which was added 
to the original liquid. Each skein was extracted in- 
dependently by boiling for 90 min. in enough distilled 
water to completely cover it, this process being re- 
peated three times. All of these extracts were bulked 
together to give a turbid grey solution (12 liters). 
With continuous mechanical stirring, 1N acetic acid 
was added drop by drop to the solution until the pH 
of the liquor was 3.90 (glass electrode). A thick floc- 
culent precipitate appeared in several hours and was 
allowed to settle overnight. Most of the supernatant 
liquid was then removed by decantation and bulked 
with the washings of the filtrate for the subsequent 
isolation of the water-soluble fraction A. The gel- 
like precipitate was transferred to a flask, boiled for 
10 min. with 25% ethanol (vol./vol.), and then fil- 
tered. Unlike the preparation of Kodama [33], this 
alcohol solution of the protein was quite colorless. 
The sericin precipitate was obtained more readily in 
a powder form by repeated: boiling with fresh 25% 
ethanol (performed six times), and washing with 
alcohol solutions of increasing strength and then with 
ether. The yield was 22.3 g. of a light grey amor- 
phous powder (fraction B). 

The liquid obtained by filtering off fraction B was 
concentrated under reduced pressure to a final vol- 
ume of 50 ml., during which the solution gradually 
became darker, although still satisfactory for appli- 
cation to paper chromatograms. A similar effect 
was observed by Shelton and Johnson [47], who 
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found that vacuum-drying of white sericin produced 
a hard deep brown product. Evaporation to dryness 
of an aliquot of the concentrated solution and drying 
of the residue so obtained yielded a hard brittle sub- 
stance which was readily pulverized to a dark fawn- 
colored powder in an amount equivalent to a total 
yield of 2.5 g. Sericin A so isolated was readily solu- 
ble in warm water, and decoloration of the dark- 
colored solution with Decolorite resin (Permutit 
Co.) enabled the final sericin to be obtained with only 
a slight yellowish tint. 


Hydrolysis of Sericin B 


The hydrolysis of sericin B was performed by re- 
fluxing 5.0 g. of the air-dry powder with 50 ml. of 
concentrated hydrochloric acid on a sand bath for 8 
hrs. To this solution was added 50 ml. of water be- 
fore decolorizing with 10 g. of powdered charcoal 
(the charcoal was prepared by shaking for 2 hrs. 
with 200 ml. of 5% (vol./vol.) glacial acetic acid and 
then washing). 
solution was combined with the charcoal washings 
to give a stock solution of sericin B. In order to 
render the hydrolyzate more suitable for examina- 
tion by paper chromatography, an attempt was made 
to desalt the solution in an electrolytic apparatus 
[21],* but, although some of the acid was removed, 
it was found impossible to remove it completely, 
even after several trials. Although the electrolyte 
should be removed before chromatographic analysis, 
no difficulty was experienced in the preparation of the 
paper chromatograms if the electrolyte is not removed. 


Paper Chromatography 


The method of preparing the paper chromatograms 
followed that originally proposed by Consden, Gor- 
don, and Martin [20], except that an ascending 
method of solvent migration was used throughout 
[52]. In order to obtain complete resolution of the 
sericin amino acids, it was necessary to use two-di- 
mensional chromatograms; therefore, several sol- 
vents were examined to test their suitability for use 
in conjunction with phenol. The solvents examined 
were butanol-acetic acid [44], pyridine-amyl alco- 
hol [24], and mesityl oxide-formic acid [18]. 

The butanol-acetic acid mobile phase was pre- 
pared by separating the layers obtained by shaking 
n-butanol containing 20% glacial acetic acid (vol./ 


* Biochemistry 
Australia. 


Department, University of Melbourne, 


The filtrate from the decolorized: 
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vol.) with an equal volume of water. Resolution 
with this solvent can be increased by using a de. 
scending migration and allowing the solvent front 
to move off the bottom of the sheet. Pyridine-amy| 
alcohol mixtures containing volume proportions 1: | 
[24] and 2:1 did not yield satisfactory Ry values, 
and, accordingly, when tried on the complex sericin 
A, they produced only four large indefinite spots, 
Complete results of the investigations carried out 
with this solvent system have been reported else- 
where [16]. 

The solvent system found most suitable for resoly- 
ing sericin amino acids was mesityl oxide-formic 
acid. This mixture was developed during research 
on the quantitative paper chromatography of cer- 
tain nonvolatile carboxylic acids [17], and yielded 
such clean well-defined spots that it was tried on 
amino acids, with excellent results. An additional 
advantage with mesityl oxide is its rapidity of migra- 
tion (approximately 50 cm. in 24 hrs.), which al- 
lows the completion of one-dimensional strips during 
a single day. The full list of Ry values and more com- 
plete details of the preparation of this system have 
been given elsewhere [18]. 

For the preparation of two-dimensional chromato- 
grams, the paper sheet was dried after removal from 
the phenol solvent by heating in an oven at approxi- 
mately 50°C for about 15-30 min., and then allowing 
the paper to air-dry for several hours before placing 
it in the mesityl oxide. 

The characteristic ninhydrin spray (0.1% ninhy- 
drin solution in n-butanol) was used throughout 
[20]. Before spraying the paper sheet, all traces of 
mobile-phase solvent were removed by drying in an 
oven at a low temperature (not exceeding 60°C), 
although with mesityl oxide the solvent removal 
could be effected by air-drying alone. After spraying 
with ninhydrin, the sheets were heated in an oven 
(100°C) for approximately 10 min. to insure com- 
plete color development. 

It is of interest that one sample of ninhydrin solu- 
tion in n-butanol (as above) showed a decrease in 
amino acid sensitivity after about 8 weeks, until a 
stage was reached when absolutely no amino acid 
color reaction was obtainable. Subsequent to this 
experience, only small volumes of solution (200 ml.) 
were made, and these were kept in dark brown stop- 
pered bottles. Some ninhydrin was purified: accord- 
ing to a recent method [27], and the solid product 


obtained appeared to be more stable to light than] 
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TABLE I. Amino Acip CONTENT OF 
SERICIN FRACTIONS 





Fraction 
Amino acid A 

Alanine +++++ 
Aspartic acid ++ 
Glutamic acid — 
++++ 
Histidine + 
Leucine ++ 
Lysine aaa 
Phenylalanine 
Serine 
Threonine 
Tyrosine 
Valine 


t+ 


+++ 
ca 








the unpurified substance, which was found to vary 
in color from near-white to brown. It was found 
advisable to test each sample before use. 


Results and Discussion 


By assigning a five plus (+++++) value to the 
acid occurring in the largest quantity in each fraction 
and making comparisons on the bases of both spot 
areas and color intensity, a roughly quantitative as- 
sessment of the constituent amino acids was made 
(Table I). 

All of the amino acids identified in the present 
study, except valine, were previously reported as 
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sericin constituents by various investigators [1, 5, 6, 
8, 25, 31, 32, 41, 49, 51]. Abderhalden and Zum- 
stein [5] reported the existence of norvaline, which 
could not be separated from valine by the chromato- 
graphic methods used in this investigation. In ad- 
dition to the acids found in the present study, arginine 
[6, 8, 25, 51], cystine [6, 10], proline [8, 31, 49], 
and tryptophane [5, 6] also were reported as con- 
stituents of sericin. The results of Kaneko [32], 
however, who reported tyrosine and glycine in both 
sericins A and B, constitute the only previous amino 
acid analysis of different sericin fractions. 


Addendum 

A recent note by J. T. B. Shaw and S. G. Smith 
(Nature 168, 745 (1951) ) outlined results which are 
related to those obtained in the present investigation. 
The amino acids found by these authors in three frac- 
tions of silk sericin using the paper chromatography 
technique show good agreement with those reported 
above, especially as the method of fractionation dif- 
fered considerably. All acids reported in the present 
paper have been previously reported on different 
samples of sericin by a large number of investigators, 
although Shaw and Smith were the first to report the 
existence of valine, which was also detected in this 
investigation. 


Part II: Fractionation of a Fibroin Hydrolyzate 


Abstract 


An acid hydrolyzate of silk fibroin was adsorbed on a column of a cation-exchange resin, and 
an attempt was made to achieve separation of the adsorbed acids by the collection of effluent 


fractions, using ammonia as the displacement developer. 
glycine and alanine were present in all fractions. 


Introduction 


As with other proteins, the constituent amino acid 
units of the molecular chains of the silk fiber can be 
liberated by acid hydrolysis. Results of investigations 
on such amino acids [23, 30, 45] are tabulated in 
Table I. Recent paper chromatographic analyses by 


Some separation was achieved, but 


Polson, Mosley, and Wyckoff [45], using their new 
quantitative techniques, indicated the existence of 
only eight amino acids in a hydrochloric acid hydroly- 
zate of silk. The present qualitative study of a simi- 
lar hydrolyzate of degummed silk found almost per- 
fect agreement with these results (Table II). It 














TABLE I. Amino Actp CoMmposiTION 


OF SILK FIBROIN 


Polson, 
Mosley, 
Drucker and 
Howitt and Smith Wyckoff 
Amino acid [30] . [23] [45] 
Alanine 26.4 ° - 37.6 
Arginine 1.05 . + 2.4 
Aspartic acid 2.0 + — 
Glutamic acid 2.03 + — 
Glycine 43.8 + 39.9 
Histidine 0.47 — — 
Isoleucine — trace 
Leucine 0.80 + — 
Lysine 0.88 — — 
Phenylalanine 1.50 + — 
Proline 1.50 ok trace 
Serine 12.6 oo 12.7 
Threonine 1.50 _ — 
Tyrosine 10.6 + 5.9 
Valine 3.20 a 4.4 
Total 108.33 112.9 





must not be overlooked, however, that small varia- 
tions may exist between the silks used by various in- 
vestigators—e.g., whether wild silk or cultivated silk, 
raw silk fibers or cocoon waste. Abderhalden [2, 4] 
previously concluded that although fibroins as a 
class are very similar, they are not identical. The 
hydrolysis conditions also must play a significant 
part in the actual amino acid content of the hydroly- 
zate, for although hydrolysis losses are probably 
small with pure proteins, they may be quite large with 
impure products. 

With degummed silk (fibroin) the unknown ef- 
fects of the actual degumming process also warrant 
consideration. This aspect is being investigated to 
ascertain whether such an operation usually per- 
formed with soap and/ or alkali or foam [15] exerts 
any effect on the amino acid composition of the re- 
sultant protein. 

Since Block [11] and Freudenberg et al. [26] re- 
ported the possibility of separating amino acids from 
protein hydrolyzates by the use of ion-exchange 
resins, many investigations have been performed on 
synthetic amino acid mixtures and hydrolyzates of 
various proteins [40]. The present work. applies 
the ion-exchange principle by using a column of 
Dowex 50 for the chromatographic fractionation of 
a silk fibroin hydrolyzate, using 0.15N ammonia 
as the displacement developer. 

The differences in amino acid analyses shown in 
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TABLE II. ReEsu_ts oF CHROMATOGRAPHIC ANALYSES 


Polson, 
Mosley, Orig- 
and inal Col- Char- 
Wyc- hy- umn _ coal 
koff droly- efflu-  ex- 
[45] zate ent tract A 
Alanine + + - + a 
Arginine _ 
Aspartic acid + 
Glutamic acid 
Glycine + + + + 
oa 
oo 


Present investigation 


Sericin 
Amino acid 


B 
a 


++ 


Histidine 
Leucine 
Isoleucine 
Lysine 
Phenylalanine + 
Proline 
Serine 
Threonine 
Tyrosine 
Valine 


a 
4 
oe 


+ + + 


++ ++ 
of 
++++ ++ 


ae 
+ + + + 





Table I are probably attributable more to different 
conditions of hydrolysis rather than to analytical 
inaccuracies, and, although specific results on silk 
fibroin hydrolysis have not been reported, informa- 
tion is available on the hydrolysis reactions of many 
of the amino acids occurring in the silk fiber—e.g., 
tryosine [36], arginine [50], serine [3, 13, 22, 42], 
and threonine [53]. 


Experimental 
Hydrolysis 


Five skeins (approximately 300 g.) of Japanese 
13/15 denier AAA Grade silk were degummed for 
30 min. with a solution of a proprietary degumming 
oil (sulfonated castor oil rendered alkaline with so- 
dium silicate), washed thoroughly, first in hot and 
then in cold water, and subsequently dried at 60°C. 
The loss of sericin was approximately 20%. 250 
g. of the degummed silk were refluxed in a 5-liter flask 
on a sand bath for 16 hrs. with 750 ml. of concen- 
trated hydrochloric acid. After hydrolysis, 250 ml. 
of distilled water were added, and the solution was 
concentrated to a syrup under reduced pressure, this 
operation being repeated five times. Humin was 
removed by filtration. The hydrolyzate was made 
up to 2,000 ml.; 600 ml. of this were made up to 
4,000 ml.; the solution was shaken for 2 hrs. in liter 
lots, each liter with 27:5 g. of Norit charcoal which 
had previously been treated as below. The charcoal 
was removed by filtration and washed thoroughly 
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with 1 liter of water; the filtrate obtained from the 
washing was combined with the decolorized hydroly- 
zate to make 5 liters of stock solution (corresponding 
to 75 g. of original fibroin), which was then ready for 
application to the resin column. 


Charcoal Adsorption and Elution 


The charcoal was thoroughly powdered in a ball 
mill, after which 110 g. were shaken for 2 hrs. with 
1.5 liters of 5% (vol./voi.) acetic acid. After this 
acid treatment, the charcoal was filtered and washed 
thoroughly with distilled water. The 110 g. of char- 
coal used for the hydrolyzate decolorizing were 
shaken with 5 liters of 20% (vol./vol.) acetic acid 
containing 5% (vol./vol.) phenol and then removed 
from the solution by filtration. The filtrate was ex- 
tracted with ether to remove the phenol, distilled 
under reduced pressure, and then filtered. Paper 
chromatography on the final 5 ml. of filtered extract 
revealed the presence of alanine, phenylalanine, ser- 
ine, and valine (Table II). Partridge [43], in a 
fractionation study of an egg-albumin hydrolyzate, 
removed the tyrosine by charcoal adsorption as per- 
formed above, and was able to recover this acid by the 
phenol-acetic acid treatment. Such, however, was 
not the case in the present experiment, although it 
was noted that elution of the charcoal brought away 
a considerable amount of solid residue which, when 
shaken and applied to a chromatogram, caused large 
areas of dark brown staining on the developed sheet, 
thereby preventing the resolution of any acids.. The 
four acids that were identified were obtained quite 
distinctly, but only after filtration of the darkly col- 
ored eluted solution. : 


Resin Adsorption and Elution 


The Dowex 50 resin was powdered and screened 
to pass a 40-mesh sieve. The conversion to the hy- 
drogen form was performed by shaking 200 g. of 
resin for 2 hrs. in 2 liters of 1N hydrochloric acid 
and then allowing to stand in the acid for 48 hrs. 
The resin was filtered, washed, and air-dried for a 
week, 

125 g. of the air-dry resin were immersed in water 
for several hours to allow swelling of the granules; 
this mixture was then poured gradually into the 
column (previously filled with water) and allowed 
to drain slowly while the resin was being packed. 
Care was taken to insure that the resin was com- 
pletely immersed at all times. 1N hydrochloric acid 


TABLE III. Amtno Acirp CONTENT OF’ 
EFFLUENT FRACTIONS 


Acids detected 
Alanine, glycine, serine 
Alanine, glycine, valine 
Alanine, glycine, valine, ieucine 
Alanine, glycine 


Fraction no. 
1-38 
39-44 
45-55 
55-75 


(5 liters) was passed through the column to ensure 
entire conversion to the hydrogen form. The resin 
was washed with distilled water until completely free 
of acid. 

The hydrolyzate solution was allowed to percolate 
slowly through the resin column (approximately 1.5 
ml./min.), and the pH of the effluent was checked 
continually to ascertain when the value was the same 
as that of the influent. This occurred after the pas- 
sage of 1,900 ml. of hydrolyzate (corresponding to 
28.5 g. of original fibroin). The resin column was 
then washed with 10 liters of distilled water. Elution 
was performed with 0.15N ammonia at a rate of ap- 
proximately 1.5 ml./min. Effluent fractions of 50 ml. 
were collected for pH determination and chromato- 
grap. - analysis (Table IIT). 


Paper Chromatography 


The technique for ‘two-dimensional analysis was 
the same as reported in Part I (page 524). For pre- 
liminary analysis of the column effluent fractions, a 
decending solvent migration was used, and, of the 
various suggestions for the construction of glass 
troughs [9, 35, 48], the one adopted was similar to 
that described by Atkinson [9]. 


Results and Discussion 


Table II gives results of the chromatographic 
analyses on the original fibroin hydrolyzate, the 
column effluent fractions, and the charcoal extract. 
The amino acid content of the sericin A and B frac- 
tions (Part I) are also included for comparison. 

The amino acid content of the effluent fractions 
is given in Table III, from which it can be seen that 
very little separation occurred. This is considered to 
be attributable largely to the extremely high relative 
amounts of glycine and alanine present in the influent. 
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The Nature of the Hemicelluloses of Jute Fiber 


Part I 


P. B. Sarkar, A. K. Mazumdar, and K. B. Pal 


Technological Research Laboratories, Indian Central Jute Commuttee, Calcutta, India 


Abstract 


A polyuronide hemicellulose has been isolated from the chlorite holocellulose of jute fiber. It 
constitutes about 75% of the hemicelluloses of jute and appears to consist of one molecule of 
monomethyglucuronic acid linked with six of anhydroxylose, which is the repeating unit. On 
hydrolysis, it gives methylaldobiuronic acid, which has been investigated as the barium salt; 
complete hydrolysis of this acid has not been possible. Results of the bromine oxidation of the 
barium salt of methylaldobiuronic acid indicate that the acid is at one end of the chain, and 
its hemiacetal group forms the glucosidic link with xylose. There is no free xylan in jute 
fiber. The only other sugar detected so far in the alkali extract of jute holocellulose is galactose, 
which occurs only in small amounts. Methyluronic acid seems to be incapable of yielding fur- 
fural on distillation with 12% hydrochloric acid. This methyluronic acid-xylose complex is the 











main, if not the only, acidic constituent,of the fiber, to which, apparently, is due its natural affin- 


ity for basic dyes. 


Introduction 


A moderately good jute fiber was shown to con- 
tain about 28% of hemicelluloses, which were con- 
sidered roughly to consist of polyuronides and hex- 
osans [19]. From uronic carbon dioxide and fur- 
fural yields, pentosans calculated as xylan were found 
to be 11.6%, polyuronide 4.5%, and hexosans 12% 
(by difference). The latter includes about 4% 
acetyl (CH,CO—) present in the raw fiber [17]. 
As clean jute fiber contains no pectin [18], the cell- 
wall polysaccharides consist mainly of alpha-cellu- 
lose and hemicellulose. Norman [10] subdivided 
the latter into cellulosans (which are pentosans— 
mostly xylan—and hexosans) and encrusting hemi- 
celluloses (which are polyuronides linked with pen- 
tose or hexose units). The constitution of most 
hemicelluloses is still obscure; even the components 
have not been identified in many cases. A complete 
picture of the chemical nature of jute hemicelluloses 
is essential for devising suitable methods of process- 
ing the fiber, inasmuch as the methods used pro- 
foundly modify the fiber properties. The present in- 
vestigation is an attempt in this direction, and the re- 
sults reported here relate mainly to one of the com- 
ponents—e.g., polyuronide hemicellulose. 





Experimental Procedure 


The approximate composition of the jute fiber, 
defatted with alcohol-benzene (1:1), which was used 
for this investigation is shown in Table I. 


Extraction of Hemicellulose 


Holocellulose prepared from defatted jute by the 
chlorite method [4] was treated at room temperature 
with 9.3% (wt./wt.) caustic soda, as the latter was 
found to extract the hemicelluloses quantitatively 
[19]. 100 g. of air-dry holocellulose was treated 
with 1500 cc. of caustic soda solution, with frequent 
stirring, for 2 hrs., and the mixture was then filtered 








TABLE I. Composition oF JUTE FIBER 


Component Content* 
(%) 
alpha-Cellulose 61.0 
Lignin 11.5 
Ash 1.6 
Nitrogenous matter 1.0 


Hemicelluloses (in- 
cluding 4 parts 
acetyl group) 24.0 


99.1 
* Analysis of 100-g. sample of oven-dry defatted jute. 
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through a Jena glass filter under suction. The resi- 
due was washed with caustic soda solution until the 
washings were colorless. The pale yellow liquid was 
cooled in ice, and glacial acetic acid was added in 
slight excess. An equal volume of absolute alcohol 
was then added, while shaking vigorously, and the 
whole was allowed to stand overnight. It was filtered 
through filter paper, and the precipitate was washed 
with 50% alcohol several times to remove sodium 
acetate. The white, grainy mass was next suspended 
in 1 liter of 50% alcohol containing 30 cc. of con- 
centrated hydrochloric acid. This was shaken fre- 
quently, and was kept overnight. The precipitate 
was filtered in fluted filter paper, and was washed 
repeatedly, first with 50% alcohol and then with al- 
cohol of gradually increasing strength, until free from 
chloride. It was finally washed with absolute al- 
cohol to remove the last traces of water; otherwise, a 
hard, horny mass would be obtained instead of a light 
powder. The white material was kept over con- 
centrated sulfuric acid under vacuum until the weight 
was constant. The milk-white, light powder thus 
obtained is termed “alcohol-insoluble hemicellulose” 
or, briefly, “hemicellulose I”; it represents 16.6% 
of the bone-dry holocellulose or 15.0% of the de- 
fatted jute; it therefore constitutes about 75% of 
the acetyl-free hemicelluloses present in jute fiber. 

The same procedure, but using caustic soda of 
varying strength, was followed in isolating alcohol- 
insoluble hemicellulose from chlorite holocellulose. 
The yield increased with concentration of the alkali, 
but the methoxy, carbon dioxide, and: furfural values 
of the hemicellulose samples indicate that practically 
the same compound is obtained in all cases (see 
Table II). Hemicellulose I was also prepared by 
treating the holocellulose with 9.3% caustic soda 
in an atmosphere of hydrogen. The product was 
found to be the same. 

Hemicellulose I isolated with 9.3% caustic soda 
was purified by dissolving in 4% caustic soda, filter- 
ing, acidifying, and reprecipitating with alcohol as 
usual. This was repeated thrice, and the final product 
was analyzed. On purification, the methoxy value 
and ash content slightly diminished, and the furfural 
yield increased somewhat (see Table III). 

Following the above procedure, hemicellulose I 
was also isolated from jute cellulose prepared: by the 
Cross and Bevan method as well as by the Norman 
and Jenkins method. The analytical data in Table 
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TABLE II. Errect oF ALKALI CONCENTRATION ON 
THE YIELD AND CHARACTER OF HEMICELLULOSE I 


Yield 
Caustic (on oven- 
soda dry holo- Carbon 
(wt./vol.) cellulose) dioxide Methoxy Furfural 
(%) (%) (%) (%) (%) 


0.5 1.3 4.4 3.2 43.2 
2.0 7.6 4.1 3.5 42.0 
4.0 12.1 4.8 3.6 46.1 
10.0 16.6 5.3 4.0 48.4 


TABLE III. ANAtytTicAL DATA FOR ORDINARY AND 
THRICE PURIFIED HEMICELLULOSE* 





Acid 

value 

Carbon (milli- 

Fur- di- Meth- equiv- 

Ash _ fural oxide oxy alents/ 

Sample (%) (%) (%) (%) 100g.) 

Ordinary hemicellulose 0.68 484 5.3 4.0 98.0 
Thrice purified hemi- 

cellulose 0.29 503 48 34 988 


* Analysis of 100-g. sample of bone-dry material. 


TABLE IV. ANALysIs OF HEMICELLULOSE I 
(NOT PURIFIED)* 


Carbon 

di- Fur- Meth- 
Ash oxide _fural oxy 
Source (%) (%) (%) (%) 

Cross and Bevan ; 
cellulose 0.23 4.8 47.5 ra 

Norman and Jenkins 

cellulose 0.61 5.0 48.6 3.3 
Chlorite cellulose 0.68 5.3 48.4 4.0 


* Analysis of 100-g. sample of bone-dry material. 


TABLE V. % MotsturE REGAIN (ABSORPTION) 
OF HEMICELLULOSE I aT 20°C 


Relative humidity (%) 58.3 70.4 80.5 97.5 
alpha-Cellulose from 

jute 8.3 9.7 11.7 24.6 
Raw jute 11.4 14.3 16.5 —_ 
Hemicellulose I 18.6 23.4 29.9 111.7 


IV show that more or less the same compound was 
obtained in these cases. 

The fraction remaining in alcoholic solution con- 
tained little or no pentosan and uronic acid or its 
derivative inasmuch as the yield of furfural or car- 
bon dioxide was very low—e.g., 0.24% and 0.52%, 
respectively, calculated on jute holocellulose. Galac- 
tose was detected in this fraction by paper chroma- 
tography as well as by oxidation to mucic acid. A 





At 


det 
lat 


Pr 


eee a a mere | 











Avueust, 1952 


detailed report on this fraction will be published 
later. 


Properties and Composition of Hemicellulose I 


The fine white powder (sp. gr. 1.41) is highly hy- 
groscopic, becoming a paste on exposure to humid at- 
mosphere. The moisture regain values in Table V are 
interesting in this connection. 

Since separated jute-lignin has little affinity for 
moisture, apparently the hemicellulose I of the fiber 
is largely responsible for the hygroscopicity of jute, 
which is high in comparison with that of other bast 
fibers such as flax and hemp, even though the iso- 
lated: hemicellulose may not be identical with the na- 
tive material. 

Ash-free hemicellulose I gives an opalescent solu- 
tion in boiling water which is acidic; a 1% solution 
has a pH of 2.6. The powder is slightly soluble in 
pyridine, but is insoluble in common organic solvents. 
The color remains practically unchanged on heating 
at 105°C for about 100 hrs.; this would suggest that 
hemicellulose I apparently is not responsible for the 
yellowing of delignified jute on heating. It gives a 
strongly positive test for uronic acids with naphtho- 
resorcinol. This is consistent with the high carbon 
dioxide yield. Hemicellulose I does not reduce Feh- 
ling solution or ammoniacal solution of silver nitrate. 
A strongly reducing solution is obtained on hydro- 
lyzing the hemicellulose with dilute mineral acids. 
Paper chromatography of the hydrolyzate (neutral- 
_ ized with baryta and barium carbonate), using n-bu- 
tanol, acetic acid, and water as the solvent, showed 
only xylose. Boat-shaped crystals of the double 
bromide and xylonate of cadmium were also obtained 
by reacting the hydrolyzate with bromine and cad- 
mium carbonate. The hemicellulose in aqueous solu- 
tion gave no coloration with iodine. The specific 
rotation of the ash-free material in a 1% caustic soda 
solution was [a]P, = — 85°. 

Ash content.—If the alkali extract of holocellulose 
is acidified with acetic acid and an equal volume of 
absolute alcohol is added, the hemicellulose obtained 
contains 5.8% ash (a 1% aqueous solution of this 
hemicellulose has a pH of 6.85). The alkalinity of 
the ash is 103.5 (milliequivalents per 100 g.). The 
ash content falls to 0.29% on treating the hemicellu- 
lose with hydrochloric acid and washing it chloride- 
free. This apparently shows that the acid in hemi- 
cellulose I is stronger than acetic acid, and the highly 
alkaline ash is mostly, if not wholly, cationic, being 
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due to the replacement of hydrogen of the carboxyl 
group by sodium. 

Acid value—A dilute solution of purified and ash- 
free hemicellulose I in boiled-out water was titrated 
with N/50 caustic soda solution with vigorous shak- 
ing, using bromothymol blue or phenolphthalein as in- 
dicator, and the acid value was expressed as milli- 
equivalents per 100 g. It was more convenient to 
add a slight excess of the alkali and titrate back with 
N/50 hydrochloric acid. The mean of 12 deter- 
minations was 98.8 milliequivalents/100 g. (range 
95.2-102.8). This agrees fairly well with the ash 
alkalinity of hemicellulose (ash content 5.8%). The 
equivalent weight for the ash-free hemicellulose I 
from its acid value is 1012. 

Methoxy value-——Paper chromatography of the 
hydrolyzate of hemicellulose I indicated a spot above 
the spot for galactose, but repeated measurements ot 
Ry values failed to prove the presence of free glu- 
curonic or galacturonic acid. The mean methoxy 
value for the purified, ash-free hemicellulose by 
Zeisel’s method was found to be 3.4% (range 3.05%- 
3.82%). The methoxy group is resistant to concen- 
trated caustic alkalies, and therefore must be in 
ether form. The barium salt of aldobiuronic acid, 
which, on further hydrolysis, gives xylose, has a 
methoxy value of 7.0%. The methoxy is therefore 
linked to the acid component. 


Structure of Hemicellulose I 


Based on an equivalent weight of about 1000 and 
with xylose and methyluronic acid as the only con- 
stituents, a repeating unit of six of the former linked 
with one of the latter for hemicellulose I appeared 
highly probable. Such a methyluronic acid-xylan 
complex has been detected in other plant products 
also [1, 13]. A high negative optical rotation of 
the hemicellulose in 1% caustic soda solution strongly 
indicates a B-glucosidic linkage between the xylose 
units [6]. Hot, dilute mineral acids hydrolyze hemi- 
cellulose I to D-xylose; the rate is rather slow, and 
the maximum amount of xylose (about 81%) is ob- 
tained in about 12 hrs., using 45% formic acid on a 
boiling water bath. This indicates that the xylose oc- 
curs in pyranose form [14]. No mucic or mono- 


methylmucic acid could be obtained by oxidation of 
the hemicellulose or aldobiuronic acid with nitric 
acid. This would suggest the absence of galacturonic 
or methylgalacturonic acid in the compound. Since 
mannuronic acid is rather rare in bast fibers, it is be- 
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lieved that monomethylglucuronic acid is present in 
the hemicellulose. Periodate oxidation [16] indi- 
cates that the methyl group is in position 3. Phor- 
mium tenax hemicellulose has been shown to con- 
sist of glucuronic acid and xylose [7], while 3-methyl- 





H 


On complete hydrolysis, such a unit should yield 90% 
xylose and 54.63% furfural, and should have an acid 
value (milliequivalents of alkali per 100 g. of ma- 
terial) of 100 and a methoxy value of 3.1%. 

Yield of xylose on hydrolysis ——As already stated, 
by using ordinary methods of hydrolysis it is not 
possible to split off the monomethyluronic acid from 
the xylose units; methylaldobiuronic acid is thus ob- 
tained. This has been found not to exhibit full re- 
ducing power (i.e., like xylose) towards Fehling 


solution. When titrated with Fehling solution, it 
corresponds to 31% xylose (theoretical value, 
44.1%). On this basis, the reducing sugar esti- 


mated as xylose should be 85.5%. The highest ac- 
tual yield obtained on hydrolysis with N/10 sulfuric 
acid was 79.4% (see Table VI). Schoorl’s method 
[2j was followed for the estimation of xylose. Using 
45% formic acid, the maximum yield of reducing 
sugar, calculated as xylose, was 80.98% after 12 hrs. 
at the temperature of a boiling water bath. The 





TABLE VI. Rate or HybDROLysis oF HEMICELLULOSE I 
witH N/10 SutFuric Acip (Liquor Ratio, 1:100) 
ON A BorILING WATER BATH 


Time Xylose 
(hrs.) % 
21.5 
35.4 
48.4 
56.7 
62.5 
66.0 
70.4 
72.9 
78.1 
77.9 
11 78.6 
12 79.4 
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glucuronic acid-xylan has been isolated from maple 
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hemicellulose [9]. 

The building unit of hemicellulose I from jute fiber, 
consistent with the above facts, may have the follow- 
ing constitution : 





yield of xylose could not be increased further by 
using nitric, hydrochloric, and oxalic acids of varying 
strengths, or at different temperatures (under 50 lbs. 
of pressure in an autoclave), or for various periods of 
time. 

Furfural yield—On complete hydrolysis and sub- 
sequent dehydration, hemicellulose I should give 
50.85% furfural from the xylose units on the basis of 
56.5% furfural on pure xylose [5]. On account of 
glucuronic anhydride, whieh actually gives 21.48% 
furfural [12], hemicellulose I should yield another 
3.78% furfural, making a total yield of 54.63%. The 
highest yield of furfural obtained from hemicellulose 
I was 50.3%; all attempts to increase the yield by 
purification or modification of method of estimation 
proved futile. Monomethyluronic acid can give fur- 
fural by splitting off two molecules of water and one 
molecule of methyl alcohol (which is unlikely) ; the 
latter could not be detected in the distillate with 12% 
hydrochloric acid. A furfural derivative containing 
a methoxy group is not formed from hemicellulose I 
either, inasmuch as the phloroglucide obtained there- 
from has zero methoxy value. It appears, therefore, 
that monomethyluronic acid is incapable of yielding 
furfural. This, however, could not be confirmed for 
want of such a compound. The yield of furfural 
from monomethylaldobiuronic acid was also cor- 
respondingly lower than the theoretical value. The 
loss in weight of the phloroglucide on repeated wash- 
ing with warm 95% alcohol was negligible in all 
cases. 

Acid value-—By direct titration, a mean acid value 
of 98.8 milliequivalents/100 g. (Table III) was ob- 
tained, which agrees well with the theoretical value 
for the repeating unit. Hemicellulose obtained with 
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acetic acid alone has 5.8% ash; the sodium salt should 
give 5.2% ash as Na,CO,. The silver salt prepared 
from the sodium salt by treating with silver nitrate 
had 10.0% silver (theoretical value, 9.76%). The 
barium salt obtained by treating ash-free hemicellu- 
lose with baryta solution contained 6.2% barium 
(theoretical value, 6.4%). From the determination 
of viscosity in dilute aqueous solution of the sodium 
derivative of the hemicellulose I alone and in the 
presence of sodium chloride, it appears to be a poly- 
electrolyte [15]. The carbon dioxide value of hemi- 
cellulose I is 4.8% (theoretical value, 4.4%), which 
_is the mean of ten determinations (range 4.2%—- 
5.4%). Besides uronic acid, the xylose component 
of hemicellulose I also yields some carbon dioxide 
(0.4%) [3]. This possibly accounts for the some- 
what higher value obtained for carbon dioxide. 
Acetylation of hemicellulose I—In order to as- 
certain the number of free hydroxyl groups per re- 
peating unit, hemicellulose I was acetylated under 
various conditions; the maximum acetyl value was 
obtained with pyridine and acetic anhydride. The 


compound: (1.20 g.) was warmed with pyridine (50 
cc.) at 70°C for 2 hrs. and then cooled: to 15°C, ace- 
tic anhydride (13 cc.) was added drop by drop, and 


the mixture was kept in the dark for 3 days, with oc- 
casional shaking. This was filtered through a glass 
filter, and the filtrate was poured into water. The 
solid was filtered, washed neutral with water, and 
dried over sulfuric acid under vacuum. The acetic 
acid was determined by adding sulfuric acid and then 
steam distilling or saponifying with N/2 alcoholic 
caustic potash and back titrating with acid. In either 
case, 55.5% acetic acid was obtained, which corre- 
sponds to 15 hydroxyl groups per unit; the theoreti- 
cal value is 14 hydroxyl groups (equivalent to 52.9% 
acetic acid) if the end-group (reducing) is occupied. 

Methylaldobiuronic acid—Hemicellulose I was 
hydrolyzed with 2% sulfuric acid on a boiling water 
bath under reflux for about 6 hrs., and the acid was 
neutralized with baryta and barium carbonate. The 
filtrate was concentrated to a thick syrup on a water 
bath, and sufficient absolute alcohol was added to it. 
The yellow precipitate was filtered off, finely pow- 
dered, and boiled under reflux with absolute alcohol 
until the filtrate gave a negative test for xylose with 
anilinehydrogenphthalate. It was then dried under 
vacuum over sulfuric acid until the weight was con- 
stant. The barium salt thus obtained is highly solu- 
ble in water, readily reduces Fehling solution, and 
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TABLE VII. AnatyticaL DaTA FOR THE, BARIUM 
SALT OF MONOMETHYLALDOBIURONIC ACID, 
(Cy2H19011) 2Ba* 

Theoret- ‘ Experi- 
ical mental 
(%) (%) 
Barium 16.8 16.5 
Carbon dioxide 10.8 9.5 
Furfural 20.87 21.0 
Methoxy fp - 7.0 
Reducing sugar (as xylose) 36.8 30 








* Analysis of 100-g. sample of bone-dry material. 
+ Assuming that methyluronic acid gives no furfural; 
otherwise, the figure is 31.6%. 


on paper chromatography gives a spot above galac- 
tose; no xylose could thus be detected. The barium 
salt on further boiling with 5% sulfuric acid under 
reflux for 6 hrs. split off xylose, which was detected 
by paper chromatography. All attempts to isolate 
the methyluronic acid proved futile. The analytical 
data given in Table VII for the barium Salt agree 
fairly well with the theoretical values for mono- 
methylaldobiuronic acid, except for the furfural con- 
tent, which and has been accounted for 
already. 

Oxidation with bromine—lIn order to see whether 
the glycosidic linkage is formed from the hemiacetal 
group of xylose or of methyluronic acid, the barium 
salt (0.2630 g.) was oxidized with saturated bro- 
mine water (100 cc.) at room temperature for 72 hrs., 
with frequent shaking, and the furfural of the oxidized 
material after expelling bromine was estimated as 
usual. The furfural content was found to be 6.6% 
(compared to 21.0% for the original salt). This 
indicates that xylose is the end-group of the barium 
salt, the oxidation of which with bromine was evi- 
dently not complete. No appreciable hydrolysis of 
the compound was expected to occur, because it is 
resistant to 2% boiling sulfuric acid. It may be men- 
tioned here that a similar treatment with bromine 
produced practically no change in the furfural yield 
of the sodium salt of hemicellulose I, which was antici- 
pated from its nonreducing character. 


is low 


Discussion 


The hemicelluloses of jute fiber appear to be fairly 
simple and of low molecular weight, as evident from 
their ready solubility in dilute alkali and also, to a 
small extent, in boiling water. The low viscosity of 
hemicellulose I in dilute caustic soda solution also 
supports this view. As hemicellulose I has no re- 
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ducing property, the hemiacetal group of the terminal 
xylose residue must be occupied, and it is possible 
that the molecule has a branched structure. A clearer 
picture of the hemicellulose, as well as the determina- 
tion of the molecular weight of the hemicellulose, 
possibly may be obtained from the results of ex- 
haustive methylation and hydrolysis. A glucuronic 
acid-xylose complex has recently been isolated from 
Phormium tenax, or New Zealand flax [8], which is 
also nonreducing. From the furfural and uronic car- 
bon dioxide yield of defatted jute, chlorite holocellu- 
lose, and hemicellulose I, it can be shown that all the 
furfural-yielding bodies of the raw fiber are in hemi- 
cellulose I, which means that jute contains no pento- 
san other than xylan. Since the xylose units are all 
linked with methyluronic acid, jute fiber contains no 
free xylan or xylan in combination with a hexosan. 
In other words, the “cellulosan” of Norman [11] 
does not occur in jute, inasmuch as alpha-cellulose 
from jute fiber is also free from xylan [20]. 
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A Method for Studying the Effect of Humidity 
on the Cross-Sectional Swelling of 
Some Common Fibers 


Frederick F. Morehead 


Chemical Research Department, American Viscose Corporation, Marcus Hook, Pennsylvania 


Tue OBJECT of this investigation was to deter- 
mine the effect of humidity on the cross-sectional 
swelling of some of the common fibers. 

Most previous work [1, 2] has been confined to the 
observation of diameters. This technique rather 
severely limits accurate measurements to fibers hav- 
ing a round cross section. In the case of cotton, 
Collins [1] attempted to overcome this difficulty by 
mercerizing the cotton first. Even in this case the 
number of measurements required was very large 


because the cotton fiber tapers slightly from tip to 
base. 


Apparatus 


The observation cell (Figure 1) constructed for 
this investigation permits the effect of relative hu- 
midity to be observed under the microscope. The 
cell is made of brass and has the following dimen- 
sions: 38 mm. X 75 mm. X 2mm, The center open- 
ing is large enough to accommodate a half-size mi- 
croscope slide (1% in. X 1 in., obtainable from Ar- 
thur H. Thomas, Philadelphia, Pa., Catalogue No. 
6888P). Slots the entire width of the cell are 
connected to the brass tubes on each end. 


Procedure 


Cross sections 10y thick, cut by the paraffin 
method, are mounted: on the half-size slide. A cover 
glass 35 mm. X 50 mm. (larger than the slide) is 
mounted on the bottom of the slide with Fisher Per- 
mount. The projecting edges of the cover glass are 
cemented to the bottom of the observation cell with 
the permanent aqueous mount-sealing medium of 
Smith [5]. Another cover glass, fastened to the top 
of the cell with the same material, completes the 
assembly. 


Air of different humidities is supplied by passing it 
through bubblers containing the sulfuric acid mix- 
tures of Wilson [6]. The properly humidified air 
is then passed through the cell. The other opening 
of the cell is left free to the atmosphere to prevent any 
pressure build-up. 

After being placed in the cell, the sections are wet 
out by filling the cell with water and then drying with 
air of 0.7% R.H. The initial wetting out serves te 


Fic. 1. Observation cell. 
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remove any improperly cemented sections. Drying —- 97% — wet out > 97% — 90% — 80% — 60% 
is hastened by allowing the cell to drain by holding it —->20%-—0.7%. The cross sections were photo- 
vertical, with the incoming air port uppermost. The graphed with either a 4-mm. or 3-mm. apochromatic 
gentle incoming air flow forces most of the water out. objective. The latter has the advantage of a higher 

Recycling the wetting and drying of the fiber sec- initial magnification. The area measurements for 
tions, with accompanying measurement, showed that the determination of the cross-sectional swelling were 
the swelling was relatively constant. made with a planimeter on prints with a final magni- 

The following sequence of relative humidities was fication of 3,000-4,000 x, as described in a previous 
used: 0.7% (dry) > 20% — 60% — 80% —~90% paper by the author [3]. As in the original proce- 
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TABLE I. Native FIBERS 









Cross-sectional swelling (%) at the following 
relative humidities: 


Sample Wet 97% 9% 80% 60% 2% 0.7% 


Silk (Figure 2) 29.5 — 26.6 — 12.9 -> 12.9 —- 9.1 + 6.5 — 0.0 
29.5 =< 17.2 -— 12.9<— 114 <— 82 — 5.6 + 0.0 
















Wool (Figure 3) 36.4 — 24.4 — 16.2 — 14.7 — 11.5 — 6.0 > 0.0 
36.4 = 15.1 + 138+ 89+ 34+ 2.0 — 0.0 















Cotton (Figure 4) 33.5 — 27.1 —~ 18.9 + 13.4 —~ 9.9 > 5.6 ~> 0.0 
: 11.5 <— 120<— 9.2 8.2 — 0.0 










Mercerized cotton (Figure 5) 41.4 — 18.2 — 16.1 —~ 14.3 —~ 8.7 + 5.4 > 0.0 
, 120— 92<— 59+ 3.4 << 1.6 =— 0.0 





TABLE II. Rayons 





Cross-sectional swelling (%) at the following 
relative humidities: 





0.7% 
Sample Wet 97% 9% 80% 60% 20% (dry) 
Viscose (high tenacity) (Figure 6) 91.5 — 42.6 — 23.6 ~ 15.5 ~ 8.0 — 2.2 > 0.0 
91.5 <— 25.9 — 21.1 — 169<— 22< 1.4 <— 0.0 













Viscose (medium tenacity) (Figure 7) 91.2 — 41.8 — 19.7 — 15.6 —~> 95 — 4.8 > 0.0 
91.2 — 27.0 — 18.8 8.8 6.8 0.0 

















Viscose (regular tenacity) (Figure 8) 101.3 — 47.4 — 22.4 > 164 —- 88 — 6.0 — 0.0 
101.3 — 28.0 — 20.3 — 156 < 52< 4.5 = 0.0 



















Viscose staple fiber (Figure 9) 88.1 — 46.6 — 16.3 + 125 —~ 63— 1.3 > 0.0 
88.1 <— 46.8 — 145 <— 113<— 7.1< 1.0 — 0.0 

Viscose staple fiber (resin-treated) 63.2 — 28.1 — 34.8 — 33.3 — 30.6 — 5.6 > 0.0 
(Figure 10) 63.2 <— 15.6 <— 14.7 — 148<— 62<— 0.6 < 0.0 








Cuprammonium (Figure 11) 61.2 — 25.0 — 23.1 — 21.5 > 17.5 ~ 4.6 — 0.0 
61.2 — 13.0 <-— 103+ 96<— 30<— 2.7 + 0.0 









Highly crystalline and highly 43.9 — 27.2 — 23.0 — 19.6 — 13.4 ~ 4.5 — 0.0 
oriented viscose fiber (Figure 12) 43.9 — 176 =< 125 <— 117<— 49+ 04 + 0.0 
Lillienfeld (Figure 13) 53.8 —> 24.0 — 25.9 — 19.7 — 16.5 — 10.4 — 0.0 
53.8 — 17.1 <- 154 <-— 114<— 7.5<-— 2.8 =< 0.0 









Cellulose acetate (Figure 14) 17.2 — 14.0 — 12.8 +> 11.9 —> 8.1—~ 6.2 — 0.0 
17.2<— 76<- 47< 83< 47<— 14+ 0.0 






~ —_ = | 


Avucust, 1952 


dure, degrees of swelling were always measured on 
the same filament. Points on the curves represent 
the average values for at least five filaments. 

It is advantageous to mount simultaneously a num- 
ber of different samples in the cell. For our investiga- 
tion, the multiple yarn embedding device [4] was 
used. Not only can a number of different samples 
be run at one time, but also different fibers can be 
compared under identical conditions. 

Matching fields of the same group of filaments are 
located roughly by reading on the mechanical stage 
or, more exactly, by sketching salient points of the 
field. A still more exact method is to match the fields 
to be taken with the negatives of the first dry state. 
A table model slide viewer is very convenient for 
this purpose when 35-mm. film is used. 

The results obtained are given in Tables I and II 
and in Figures 2-14. 


Conclusion 


A method has been developed for studying the ef- 
fect of humidity on the cross-sectional swelling be- 
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havior of textile fibers. The technique has been used 
on the following fibers: silk, wool, cotton, mercer- 
ized cotton, viscose rayon (high, medium, and regu- 
lar tenacities), viscose rayon staple, viscose rayon 
staple (resin-treated), cuprammonium rayon, a 
highly crystalline and highly oriented viscose rayon 
fiber, Lillienfeld, and cellulose acetate rayon. 

In addition to the hysteresis “loops,” the most 
striking phenomenon observed was the great increase 
in swelling between 97% R.H. and wetting in the 
case of the rayons and cotton. 
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Abstract 


Apparatus is described and general methods are indicated for the study of the process of 


mercerization of cotton yarn in skeins and for the experimental mercerization of lots weighing 


up to about % Ib. 


Special techniques, including the use of a strain gage, are given for measuring the tension 
developed in yarn during mercerizing. This indication of the swelling behavior of cotton is 
expected to supplement the usual observations of mercerized yarn properties—luster, dyeing 
capacity, and strength—to help breeders and prospective users of new cottons in their selections. 

Observations of developed tension can also be employed to indicate the rate of mercerizing 
as the caustic penetrates and swelling causes tension to build up in the yarn, and to show differ- 
ences between yarns and processes even more readily than between cottons: 

The equipment is now being used to test yarn made from breeders’ samples to help predict the 
response to commercial mercerizing of newly developed cottons, although results for this work 


are not included herein. 


Introduction 


Versatile apparatus constructed at the Southern 
Regional Research Laboratory and used extensively 
for the experimental mercerization of yarn in skeins 
is now being applied to the study of differences in the 
response of different cottons to mercerization. Re- 
sults of such studies are of potential value to buyers 
and spinners of cotton for mercerizing, as well as to 
breeders and growers of cottons for end-uses where 
the special properties imparted by mercerization are 
a requirement. 

The present discussion is mainly of the apparatus 
and of general methods for its use, with a few ex- 
amples to show kind and range of results obtainable. 
The specific methods employed for testing breeders’ 
samples will be described, with examples, in a later 
paper. 

The apparatus consists of balance-type and frame- 
type machines, employed primarily for the study of 
the effects of many of the variables in yarn merceriza- 


* Present address: Karnes City, Texas. 
+ One of the laboratories of the Bureau of Agricultural 
and Industrial Chemistry, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture. 


tion, and also for the preparation of single skeins or 
small batches of mercerized yarns of particular char- 
acteristics. The apparatus can be used also for rou- 
tine checks to determine whether different lots of 
yarn will respond uniformly to a standard mercerizing 
process. Apparatus of the balance type has been 
used for studies on the low-load elastic properties and 
the measurement of cotton yarn in skeins in experi- 
ments to be described in a later paper. Apparatus of 
both types has been used for special processing other 
than mercerizing. 

Tests on new cottons are made after they have 
been spun into suitable yarns. While yarns of any 
kind can be submitted to mercerization, yarns in- 
tended for this process would normally be combed 
and made with so-called “mercerizing twist”—spun 
with a twist multiplier of about 3 and twisted in the 
opposite direction with 3. If they are to be used for 
sewing threads, where gain of strength is an ob- 
jective, the cottons should be spun into yarns of the 
usual higher twist. Such yarns will be stronger ini- 
tially, but their percentage gains of strength upon mer- 
cerizing may be lower than with yarns of lower twist, 
so that percentage gains of the latter may not repre- 
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sent the true value of the cottons for sewing threads. 
Singles yarns fail to develop much luster, but may 
show high gains of strength. Hard-twisted yarns 
or cords develop neither the maximum luster nor the 
maximum percentage gain of strength possible for 
the cotton if mercerized as yarns of moderate twist. 

Although the machines described herein were not 
intended for cloth, strips folded and sewn so that they 
can be mercerized like skeins of yarn may yield in- 
formation on variables of cloth processing which can- 
not be studied readily in any other way. Also, the 
luster and dyeing capacity obtainable in mercerized 
fabrics can no doubt be indicated reasonably well by 
the mercerization of yarns made from the same cot- 


Fic. 1. 


Left—Balance-type apparatus for mercerising skein yarn. 
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tons with mercerizing twist, although this has not 
been demonstrated. 


Balance-Type Apparatus 


The apparatus used most at the Laboratory for 
mercerizing yarn under almost any experimental 
conditions consists essentially of a beam which bal- 
ances at its center at the top of a vertical post, with 
provision for- mounting at one end a skein of yarn 
to be mercerized, and for hanging at the other end 
weights to control its length and tension. Although 
only certain parts—particularly the rollers that come 
in contact with acids and alkalies—need to be made 
from metal that is resistant to corrosion, it is a 
great advantage to have the machine constructed 
throughout of metal such as monel or stainless steel 
in order to avoid frequent painting or removal of 
rust. 


Right—Details of construction. 


The distance from center to center of the end bearings in the beam is 24 in., and the height from the top of the channel 
iron base to the center of the middle bearing is 3314 in. 

The scale, on a movable bracket, is made from chart paper with 149-in. subdivisions. 
(4% in. = 1 in. of skein circumference), and is set so that the pointer is near the middle at exactly 54 in. when the distance 
around the rollers measured with a steel tape in place of a skein of yarn is 54 in. 

The shelf on the scale bracket supports a doorbell transformer (below it) and a small light bulb at the front. 

A side arm at the right carries a vertical set screw (with a crank welded to it) for beam settings, working in an in- 


sulated block, with threaded metal inserts and a lock nut. 
a set screw. 


It is graduated to read downward 


The arm slides up or down and may be held at different levels by 


A counterweight hung from the beam pivots on set screws so that its position may be changed readily. 
The top roller, of about % in. face, with a counterweight on the same shaft, is hung in parallel machined “hooks” which 


serve as bearings (shown at right). 


The stopper and glass tube and the bottom roller are supported by a bent rod, threaded at the bottom and locked in place 
with nuts in a slot in the base to allow centering under the top roller. 
The capacity of the scale pan is about 60 Ibs. of iron weights of a common type. 
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Illustrations of two somewhat different machines 
of the balance type are given (see Figures 1 and 2) 
so that anyone desiring to construct one can combine 
preferred features of both or, with the present short- 
age of metals, construct the one that can be made 
the most readily from available materials. 

For most experimental mercerizing, skeins of yarn 
of approximately parallel wind, as made on the usual 
laboratory yarn reel of 54-in. circumference, may be 
of any convenient yardage or weight. They should, 
however, be wound at uniform tension and should all 
be the same length (skein circumference) to insure 
that experiments can be repeated readily and to 
contribute to comparability of results. Each skein 
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The height from the top of the channel iron base to the center of the hub at the top of the post is 30% in. 


Fic. 2. Left—Balance-type apparatus for mercerizing yarn. Right—Its use with a strain gage. 
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should be laced with two or more figure-8 tie bands 
and should have the twé ends of the yarn brought 
together and tied into the knot of one of the bands, 
especially if washing, dyeing, etc., are to be per- 
formed outside the machine after the mercerization, 
A convenient size of skein for many purposes is 240 
yds. of 40/2 yarn, weighing about 6.5 g.; the maxi- 
mum size suitable for the machine shown in Figure 1 
is about 480 yds. of 40/2, or an equivalent amount of 
other yarn. 

To perform a mercerization the beam is first bal- 
anced, if necessary, and the skein of yarn is hung on 
the roller at the end of the beam and passed around 
a lower roller situated inside a glass tube placed firmly 
on a rubber stopper. The yarn is then measured in 
the machine at predetermined tension by noting the 
position of the pointer on the scale after the dry skein 
has been run completely around the rollers once and 
back to exactly the initial position. A 240-yd. skein 
of 40/2 yarn is usually measured with 2.4 lbs. ten- 
sion, and skeins of other sizes or of other yarns with 


from center to center of the bearings at the ends of the beam is 351% in. 


The base is shorter on the left side to allow the scale pan to drop below it. 


(shown at right) in place of the scale pan. 


A pan is pivoted between the sides of the beam at the left for any necessary counterweights to balance the system. (See 


also Figures 1 and 3.) 





The distance 


A removable extension holds the strain gage 


Aucust, 1952 


tensions proportional to the weight of yarn, as cal- 
culated from either yardage or weight. While the 
tension used in such a measurement is necessarily 
somewhat arbitrary, the unit tension basis for the 
measurement is a result of a study of tensions for 
measuring cotton yarn in skeins to establish com- 
parable lengths ; this is the subject of a paper to fol- 
low. 

The mercerization is most frequently performed 
on air-dry yarn with caustic soda containing a wetting 
or penetrating agent. The yarn is turned (through 
the caustic in the glass tube, then through wash wa- 
ters, acid, etc., which are put in successively as re- 
quired and drained off after use through a rubber tube 
at the bottom. Alternatively, yarn can be prewet in 
the machine in water containing a wetting agent or in 
water poured in boiling hot. If hot, the yarn is 
cooled by a run through cold water before merceriz- 
ing. 

The beam can be moved between process steps 
to change the length of the yarn. It is usually held 


in a fixed position during each step, but can either 
be moved manually during a process step or be left 
free to move as the yarn shrinks or stretches in ac- 
cordance with whatever weight is on the pan. There 
is practically no limit to the number of combinations 


or conditions obtainable. 

The skein should be turned by equal amounts for- 
ward and back throughout a run. If it is turned 
mainly in one direction, tight and loose threads will 
be caused by distortion of the skein, perhaps accom- 
panied by breaking of ends and winding on the roll- 
ers. Such distortion can be observed readily if a 
skein placed in the machine is marked across with a 
wax pencil and the yarn is then turned in only one 
direction. The straight mark may change to a V- 
shape or to disconnected spots, but it usually reap- 
pears on turning the yarn back to the initial position. 

No special arrangements were made for cooling or 
heating solutions because most mercerization is satis- 
factory at room temperature. If it is necessary to use 
precooled or preheated solutions, they are usually 
simply poured into the glass tube and used at once, 
although the tube may be wound with a heating coil 
when necessary. Usually the separate treatments 
during a run are of short duration, and temperatures 
are not very critical. 

A somewhat larger apparatus of the balance type 
(Figure 2) has been used with a strain gage for 
measuring the tensions developed in skeins of yarn 
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during processing. It has also been used without 
the strain gage like the first apparatus to take ad- 
vantage of its larger capacity—about 960 yds. or 
26% g. of 40/2 yarn. 

This machine has a double beam, with the two 
sides spaced to accommodate bicycle hubs which sup- 
ply ball bearings at the center and at oneend. At the 
other end is a cradle which remains horizontal as 
the beam moves up and down; in the cradle is laid 
the top roller, 2% in. in length between flanges, run- 
ning in plain bearings machined into the ends of the 
cradle. The horizontal position is maintained with 
the aid of a rod above and parallel to the beam; the 
rod is pivoted at its center to an upward extension of 
the center post, and at its ends to vertical rods. One 
of these vertical rods is rigidly attached to the cradle, 
which is pivoted in the end of the beam, and the other 
rod is rigidly attached to a hub at the left carrying a 
scale-pan rod and a pointer support, which always re- 
main vertical. Placing the pointer above instead of 
below the beam allows a greater capacity, but loads 
above 70 or 80 Ibs. are not practical for regular use. 

In spite of the levelling device, there is a tendency 
for skeins to creep off center on the top roller. In 
order to correct this, a rod was welded to the cradle for 
use in tilting the roller assembly and keeping skeins 
running true. 


Fic. 3. Details of bottom roller assembly. 
There are stainless steel plates on both sides of the rubber 
stopper. The L-shaped piece carrying the roller and shaft 


slides into the slot above the top plate, and the end of the shaft 
enters the hole in the vertical post. 
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The center post and side arm are made from 1%4-in. 
and 114-in. pipe and fittings, with part of the post be- 
ing removable at a flanged joint to allow the insertion 
of a longer or a shorter piece so that the beam can be 
prevented from deviating too far from horizontal 
when extremes of shrinking or stretching are re- 
quired, or when skeins of unusual lengths are used. 

The set screw for fixing the position of the beam 
is conveniently turned by a small crank welded to its 
head, and works in two drilled and threaded pieces 
of angle iron supported by a vertical strip of strong 
insulating board. The set screw bears on a remov- 
able flat bar placed across the top of the beam. The 
set screw assembly is made narrow, and the beam at 
this point should be free from fixed cross members, 
so that when the set screw is not being used the 
beam can swing freely upward if yarn is being shrunk 
in the machine. 

Details of the support for the bottom roller, which 
is 24% in. between flanges, are shown in Figure 3. 
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This machine, which was built at a time when ma- 
terials were scarce, is made from ordinary iron and 
steel (except for stainless steel rollers and supporting 
parts), and is kept painted with black, air-drying 
insulating varnish. 


Frame-Type Machine of Larger Capacity 


A third machine, of a different type (Figure 4), 
is used for larger lots of yarn —*% lb. at a time. It 
consists essentially of an iron frame, preferably bolted 
to the floor, carrying a stainless steel or monel metal- 
lipped container with a gate valve outlet, and a re- 
movable yarn frame that can be fastened into posi- 
tion by pins. 

For mercerization, yarn is mounted on rollers on 
the removable frame, and the top flanged roller is 
set by scales marked on the sides of the frame to bring 
the yarn to the desired initial length. This can be 
done readily by means of blocks and bearings (Fig- 


Fic. 4. Left—Frame-type apparatus for mercerizing yarn. Right—Yarn frame. 


Most of the frame is made from chromium plated iron or steel. Stainless steel, not available when the apparatus was 
constructed, would be preferable. The channel iron sides (3 in. x 2 in., with web %@ thick and flanges % in. thick) are 
31% in. long, each with a 1%%-in. slot cut in the web for a length of 12% in. from the top. The rollers are 13 in. in over- 
all length, 12 in. between flanges, and 1% in. in diameter. Both rollers run in needle bearings. The tank, which fits the 
bottom of the yarn frame rather closely, measures 17% in. X 34 in. X 11 in. (See Figure 5.) 
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ure 5) which slide in the channel iron sides and which 
can be held by pins so that the roller can then be 
brought by set screws to a final setting for yarn 
length, parallel with the bottom roller. 

When particular yarn lengths or amounts of 
shrinkage and stretch are required (perhaps worked 
out on one of the other machines), changes can be 
made from step to step as needed. The merceriza- 
tion is performed with the skeins about one-third 
immersed. 


Fic. 5. Details of bearings and supports for top roll. 


The square hole at the top fits the l-in. bar (Figure 4), 
which is used when stretching yarn. Below it is a block with 
needle bearings for the top roller, countersunk at the bottom 
to fit the set screwhead. The hole for the set screw: clears the 
pin when it is put through the lower block. A short section 
of angle iron welded to this block helps to keep the assembly 
aligned in the side channel of the frame. 
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There is no control of tension except as determined 
by the manipulation of the yarn. Moderate shrink- 
age from the original yarn length can be allowed 
by lowering the bearings by the set screws; and 
larger amounts of shrinkage can be allowed by first 
supporting the top roller of the loaded yarn frame 
while the blocks below the bearings are lowered, and 
then lowering the roller. Stretching is effected by the 
reverse operation. »The arrangement for lifting the 
top roller, especially while it is under high tension, 
consists of a yoke (iron bar), which is parallel to 
the roller, to lift it by the end bearings, a link between 
the yoke and a long lever, and a fulcrum—a bar placed 
on brackets projecting from the front of the yarn 
frame. All are shown in Figure 4, the lever stand- 
ing against the wall. Yarn impregnated with caustic 
soda shrinks readily when the top roller is lowered, 
and can be stretched, although with considerable diff- 
culty, by prying the roller upward. With this ar- 
rangement for changing its length, yarn can be mer- 
cerized under a great variety of conditions. 

Heated caustic is seldom used, but can be poured 
into the container and maintained at the required 
temperature by direct heating. Hot water poured in 
at a temperature somewhat above that to be em- 
ployed will usually remain near enough to the de- 
sired temperature for the short time required for a 
washing, but if necessary the container can be heated. 

Almost any process of practical interest can be ap- 
plied in this machine; and good results are obtained 
when the machine serves as a pilot unit for special 
mercerization. It can also be employed readily for 
checking some of the mercerizing characteristics of 
different yarns, or of different cottons in comparative 
yarn form. It is used for the routine mercerizing of 
yarns from breeders’ samples, special tests being 
made also on one of the balance-type machines to 
utilize the strain gage. 


Tension Developed During the Mercerizing 
Process 


Tension is developed in yarn during mercerizing. 
Such tension may differ greatly in amount from yarn 
to yarn, and may reflect differences between the con- 
struction of yarns, between the cottons in different 


yarns, or between mercerizing conditions. Although 
the tension is usually determined by combinations of 
these factors, when differences in materials and proc- 
esses can be limited to one variable at a time, the ten- 
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sion developed may serve as a measure of response to 
mercerizing—for example, to help determine whether 
newly developed cottons are suitable for mercerized 
end-products. 

Tension is developed in the yarn when it is held 
so that shrinkage during mercerizing is prevented 
(or greatly limited); the tension is caused by the 
lateral swelling of the fibers and the spiral yarn struc- 
ture, which, together, tend to increase the yarn di- 
ameter at the expense of its length. If the length is 
not free to change, this lateral force results in tension 
along the yarn. Such developed tension or force re- 
quired to prevent shrinkage has been described in 
general studies on mercerization [1, 2], but it does 
not seem to have been utilized heretofore to bring 
out differences in cottons. 

Developed tension is one of the few measurements 
which can be made to help characterize the merceriza- 
tion of a given material. Since it depends partly upon 
the yarn structure and the conditions of mercerizing, 
it is not a direct measure of any intrinsic property of 
the cotton, although it must depend greatly upon 
such properties. Hence, a tension measurement not 
only affords a convenient numerical value to help 
show what happens during a particular process, but, 
when better understood, it is expected to help char- 
acterize cottons. 

Developed tension has already been found useful 
in bringing out differences in swelling capacities of 
different caustic soda solutions, in evaluating pene- 
trating agents for use in caustic, in routine compari- 
sons of yarns, and in determining the effects of differ- 
ences in yarn construction. 

In order to determine developed tension, a weighed 
skein of yarn is set in a balance-type apparatus at the 
length determined by measuring the skein under the 
appropriate tension calculated from its weight or 
yardage and the accepted unit measuring tension. 
The beam is fixed in place by the set screw so that it 
cannot move in the direction of the tension, but is free 
to move in the opposite direction. From this point 
either of two procedures may be employed—manual 
loading to measure the tension developed, or meas- 
uring the tension in the yarn by means of a strain 
gage. 


Manual Loading 


In the manual method, the turning of the yarn is 
stopped at the end of the mercerization or at a de- 
sired intermediate point, and the scale pan is loaded 
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with weights until the tension in the yarn is slightly 
more than balanced and the beam loses contact with 
the set screw. This point is indicated by a light 
(Figure 1 left), which goes out when a circuit 
through the set screw, which is insulated from the 
rest of the machine, is broken by the separation of 
the screw and the beam. 

This simple procedure may give a slightly high 
reading because there may be a slight stretch in the 
yarn even though it is hardly observable on the scale; 
therefore, a modification may be preferred. The 
yarn is mounted under the usual measuring tension, 
the set screw. being adjusted to just hold the beam 
and make the electrical contact. The set screw is 
then backed off just enough to break the circuit while 
the yarn is still held in place by the weights used in 
measuring it. The yarn will shrink the necessary 
slight amount to close the circuit again as soon as 
the mercerization begins. Then, if the weights are 
added in the tension measurement until the circuit is 
just broken again, the developed tension will be in- 
dicated for the original measured length of the yarn. 

Rate of mercerization, in the sense of rate of pene- 
tration and swelling by the caustic, can be indicated 
by the increase in tension during a mercerization. 
Although such increases are best measured by the 
aid of a strain-gage system, they can be measured 
by manual loading—by stopping the turning of the 
yarn periodically, loading quickly to determine the 
weight required to balance the tension, then unload- 
ing quickly, and proceeding with the mercerization 
until the next observation. 


Use of a Strain Gage 


The second balance-type apparatus described above 
was fitted with a removable strain gage (Figure 2 
(right) ), arranged so that the length of a skein of 
yarn does not change during a mercerizing and a con- 
tinuous record of the changes in tension can be ob- 
tained. A typical curve is shown in Figure 6. The 
first step is a calibration (before every mercerizing ) 
by weights placed on a suitably balanced scale pan, 
which is used temporarily in place of the yarn after 
the system has been set up for a length of skein cor- 
responding to practically no tension. A stepwise 
curve, A, is drawn by the recorder at low speed, 3 in./ 
hr., while weights are added in 5-lb. increments and 
then taken off. Then another weight—in this case, 
2.4 lbs.—is put on to show the level, B, of the ac- 
cepted load used for measuring. After removing the 
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pan, the skein of yarn is put in place and tightened 
with the turnbuckle in the supporting rod above the 
gage until the curve is nearly to the measuring load 
level, B. The skein is rotated once around and back, 
and is tightened until the curve reaches the 2.4-Ib. 
level. The caustic soda solution is poured into the 
glass container, and the recorder speed is changed to 
3 in./min. as the usual turning of the yarn on the 
rollers begins. The mercerization starts, C, with the 
tension rising rapidly, and continues until the ten- 
sion reaches a maximum, D, and remains constant 
for at least 1 min. ; the process usually requires a total 
time of about 3 min. - 

The recorder is changed back to the low speed, and 
the caustic soda solution is replaced with water at 
room temperature. As the turning of the yarn 
continues, the tension immediately becomes relaxed, 
at E, and then changes very little with further wash- 
ing with cold or hot water. The apparatus:is-then re- 
calibrated up to at least the maximum tension reached 
in the mercerizing. The tension developed at any 
point in the process can be determined readily by com- 
parison of the tension curve with the calibrations, and 
the curves can be redrawn on coordinate paper in 
forms that are more convenient for use. 

The developed tension observed includes the 2.4 
lbs. (or other measuring tension), for which allow- 
ance can be made if desired. 

The strain-gage assembly (Figure 2 (right) ) in- 
cludes: a hook on a threaded rod which connects to 
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Fic. 6. Typical record of tension developed during 
mercerization. A—lInitial calibration. B—Setting of 
measuring tension, C—Beginning of mercerization. D 
—Maximum tension developed. E—Relaxation due to 
washing. F—Final calibration. The time from C to 
E is about 3 min. The slight saw-tooth effect is due to 
the stresses of turning the skein by the short-swing 
hand crank. 
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the mercerizing apparatus in place of the scale-pan 
rod ; a rod between a turnbuckle and an eye which en- 
gages the hook but does not allow twisting on it; a 
turnbuckle with a sensitive swivel joint at the bot- 
tom; a cross rod below the swivel to hold the as- 
sembly together and to allow the operator to hold the 
weigh bar system so that it will not be subjected to 
torsion when the turnbuckle is manipulated; and a 
tin can which shields the strain gages electrically and 
protects them from sudden changes of temperature, 
mechanical damage, and spattering by liquids. 

The measuring and recording system consists of 
a measuring unit, a power supply, and a recorder.* 

The recorder is a photoelectric type, with a sensi- 
tivity of 1.19 millivolts for a full-scale deflection. 
With this sensitivity it is possible to obtain a full- 
scale deflection for the range of loads used. In gen- 
eral, the strain gages were required to carry only 25- 
30 milliamperes. It is advisable to operate with a 
low current in order to prevent damage to strain 
gages or changes in their resistance due to heating. 


Kind and Range of Results Obtainable 


Results from experimental mercerizing are com- 
monly expressed in terms of changes in properties 
of the cotton being treated—usually increase in luster, 
breaking strength, and dyeing capacity, and change 
in elongation. Through observations of these and 
other pertinent properties, the apparatus described 
above can be used to study either mercerization in 
general or almost any sort of yarn mercerization to 
bring out the variations in properties with changes 
in the process variables. Results obtainable in this 
broad field are already more or less familiar, and will 
not be discussed further here. 

The utilization of the apparatus to bring out a less 
familiar property which may result from merceriza- 
tion is illustrated by the development of a moderately 
heat-resistant cotton tire cord [3, 4]. Suitable mer- 
cerization of singles yarns was worked out on bal- 
ance-type apparatus ; larger quantities were prepared 
on the frame-type machine in an approach to prac- 
tical conditions before the process was tried on com- 
mercial skein and warp mercerizing machinery. The 
development was proceeding successfully when the 
possibility of using treated cotton for tire cord was 

* Details of the apparatus, including the wiring diagram, 


can be obtained by writing to the Southern Regional Re- 
search Laboratory. 
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TABLE I. TENSION DEVELOPED By CausTIC SODA 
IN MERCERIZING COTTON YARN* 


Maximum 
tension (lbs.) 
in 224% caustic 
Normal 
length 
Normal plus 
Group __ Description of cotton and yarn length 3% 


1 Mature, 83% maturity, 13.75/2 17.4 _ 
Immature, 40% maturity, 13.75/2 11.8 --- 


2 SXP, 92% maturity, 80/2 28.5 — 
Acala 1517, 72% maturity, 80/2 21.5 _- 


3 Empire variety, T.M.=1.75, 12/1 7 —- 
Empire variety, T.M.=3.5, 12/1 12.7 _- 


Empire variety, T.M.=5.12, 12/1 16 — 
4 Commercial combed yarns of 20/2 15 17 
mercerizing twist 40/2 18 19.8 


60/2 20.2 23.1 
80/2 30.2 34.2 


* The yarns in each group are comparable, but there is no 
particular relationship between groups. 


ruled out for the time being because of economic 
changes. 

Observations of tension developed during mercer- 
izing may reflect initial properties of both yarn and 
cotton as well as process conditions. Data are pre- 
sented in Table I which show that great differences 
in tension may arise from different causes. In group 
1, one of the yarns showed an unusually low tension, 
which resulted from the very low maturity of one of 
the cottons. Higher luster tends to go with higher 
tension ; conversely, the yarn from the immature cot- 
ton developed low luster as well as low tension. In 
group 2, the yarn made from S X P cotton showed an 
unusually high tension as compared with similar yarn 
made from cotton of lower maturity (of another va- 
riety). In group 3, the yarns made from the Empire 
variety of cotton illustrated the higher tensions ob- 
tained with yarns of higher twist. In group 4 were 
commercial yarns which differed greatly in yarn 
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number, but of which equal weights were used in the 
mercerizing. These yarns were, no doubt, all made 
from different cottons, but it seems likely that the 
main factor which determined the great differences 
in tension was yarn number—that is, differences in 
yarn structure associated with the wide range in yarn 
sizes. 

The data presented indicate that some differences 
in tension may represent fundamental differences be- 
tween cottons, and others differences between yarns, 
Further interpretations are not suggested here be- 
cause too little is known about the correlations be- 
tween the tensions and fiber and yarn properties ; and 
other factors. frequently enter into the problem. For 
example, results may be affected by differences in 
cottons and yarns at the same time; by the setting of 
the yarns in the apparatus, as shown when the yarns 
of group 4 were set up with a small amount (44%) of 
stretch ;-and by variations in mercerizing conditions, 
such as concentration of caustic, soda [2]. 

A conclusion of immediate interest from the ex- 
amples given is that comparative yarns with even 
one major difference may differ greatly in their re- 
sponses to mercerization, so that in order to bring 
out differences in the cottons, the yarns should be as 
closely similar in construction as possible. 
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An Automatic Yarn Load-Elongation Recorder’ 


F. B. Breazeale and H. D. Irvin 


Research Department, American Enka Corporation, Enka, North Carolina 


Abstract 


An apparatus for recording the load-elongation properties of yarns is described. Essentially, 
it subjects a length of yarn or staple to a constant rate of elongation to break, or to a repeated 


cycling of extension and retraction between either predetermined loads or elongations. 


Auto- 


matic recording of these latter traces at logarithmic intervals may be employed, and an automatic 
1-min. delay between cycles at zero extension or zero load may be used if desired. Several traces 
obtained with this equipment are shown to illustrate its performance. 


In CONNECTION with a wide-range program 
of studies of the physical properties of rayon and 
other synthetic textile and tire yarns, it was found 
desirable to have, as a research tool, a load-elonga- 
tion recording apparatus having a number of avail- 
able modes of operation and high degree of automa- 
tism of operation. During recent years several in- 
struments offering some of the desired features have 
been described and/or marketed—notably the In- 
stron{ tester and that described by Dart and 
Peterson.t 

For our purposes, however, it was desirable that 
the testing abilities of the several instruments be 
combined. into one apparatus, and, further, that this 
tester have some additional features not available at 
the time of its conception. It was thought advantage- 
ous to record automatically at specified intervals the 
load-elongation diagram of a sample undergoing re- 
peated cyclical stresses, which feature would allow the 
instrument to operate unattended during long runs 
without wasting chart paper. Also, it was considered 
highly desirable that the load-sensing elements of the 
instrument be such as to allow continuous adjust- 
ment of the load scale over a wide range of maximum 
loads and that it be capable of withstanding severe 
overloads without damage. Accordingly, the ap- 
paratus described here was evolved. 


* Presented at a meeting of The Fiber Society in Atlanta, 
Ga., Apr. 19, 1951. 

+ Instron Engineering Corp., Quincy, Mass. 

£S. L. Dart and L. E. Peterson, TeExtTILE RESEARCH JouR- 
NAL 19, 89 (1949). 


Principle of Operation and General Features 


Figure 1 is a diagrammatic view of the load-sens- 
ing and elongating mechanism. A is a steel cantilever 
firmly clamped in a block. A clamp for one end of 
the yarn specimen is provided on this cantilever and 
is fixed with a thumb screw so that it may be placed 
at any distance from the anchored end. Two inter- 
changeable cantilevers are provided. Both of these 
are 25 cm. long and 2 cm. high; one has a thickness 
of 2.5 mm. and is used for loads from approximately 
1 g. to 200 g.; the other is 4.5 mm. thick and is em- 
ployed for loads from about 200 g. to 10 kg. The free 
end of the cantilever is linked to a deflection-magnify- 
ing lever, C, by means of a 0.3-mm. diameter glass 
rod, B. The fulcrum of this second lever is a verti- 
cally mounted strip of watch spring, D, under longi- 


Fic. 1. Diagrammatic plan view of load-elongation 
mechanism. The yarn elongating mechanism is at the 
right; the load-sensing system is at the left. 





Fic. 3. The elongating mechanism. 
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G—Yarn clamp for 50- 


cm. samples; the extension arm carrying clamp G’ is shown at- 


tached to the rack. H—Drive reduction gears. 
drive motor with cooling fan at left. 
microswitches. 
nism perpendicular to axis of yarn sample. 


Fic. 2. The load-sensing system. A—Steel 
cantilever with yarn clamp attached in most 
sensitive position. B—Glass connecting rod. 
C—Displacement magnifying lever. D—Tor- 
sion spring bearing. E—Differential trans- 
former. F—Vibration damping fluid. G’—Ex- 
tension yarn clamp. Instrument is set up for 
1.0-cm. samples of single filaments. 


tudinal tension. This provides a bearing with no 
play in the direction parallel to cantilever deflection 
and yet offers but a minute amount of torque to small 
angular deflections. At the other end of the canti- 
lever C is fixed, by means of a micrometer screw, 
the core of a Schaevitz * differential transformer, E. 
As normally used, the glass linkage bar is fixed about 
2.5 cm. from the fulcrum spring, whose distance 
to the transformer core in turn is 25 cm. Thus, a 
tenfold magnification of deflection of the end of 
cantilever A is accomplished. In actual practice the 
clamp on cantilever A is so placed that the deflections 
of the transformer core are no more than a few hun- 
dredths of an inch, with the result that the movement 
of the yarn clamp is always less than a few thou- 
sandths of an inch—a negligible amount for the pur- 
poses. Spurious vibrations in the lever arm C are 
completely eliminated by a small vane, F, attached to 
its end and immersed in a small vessel of high-vis- 
cosity mineral oil. 


* Model 18L; Schaevitz Engineering, Camden, N. J. 


I—Synchronous 
J and K—Motor reversing 
L—Ways allowing movement of entire mecha- 
M—Lead-screw. 


At the right-hand side of Figure 1 is shown the 
elongating mechanism. The yarn clamp, G, is at- 
tached to a rack which is driven through a set of re- 
duction gears, H, by a Brown * synchronous speed 
pen drive motor, J. Positionally adjustable micro- 
switches at J and K are actuated by the end of this 
rack, and these control the cyclical elongations and 
retractions of the yarn. The whole motor and rack 
assembly is mounted in a pair of ways, L, and may 
be moved by a.crank screw, M, in order to have the 
yarn specimen at all times perpendicular to the canti- 
lever A at the chosen position of the clamp. 

In the arrangement sketched in Figure 1, 50 cm. 
(free length) of yarn is tested. However, for staple 
fiber two auxiliary pieces of equipment are added, as 
can be seen in Figures 2 and 3. An extension bearing 
the auxiliary clamp G’ is affixed to the rack at G so 
that the free length of yarn between the cantilever 
clamp and the moving clamp at the zero position is 
1.0 cm. The second modification entails the intro- 
duction of an approximately 50:1 speed reduction 
unit in the rack driving mechanism, in order to give 
the same rate of elongation as employed for 50 cm.— 


namely, 37.5% /min. 


* Part No. 77311-1; Brown Instrument Co., Philadelphia, 
Pa. 
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Fic. 4. General view of the complete - 


instrument. 


Figures 2 and 3 are photographs of the two units 
just described, and are lettered in accordance with 
the scheme used in Figure 1. The photographs and 
captions underneath are self-explanatory. 


Control Scheme 


Brief mention will be made of the general electrical 
and mechanical control scheme used: in this instru- 
ment. First of all, the movable microswitches, J and 
K, determine the elongation of the yarn at each cycle, 
since each one reverses the motion of the rack through 
use of a two-coil interlocking-type motor control 
relay. 

The differential transformer is fed at 900 cycles 
by an audio generator of conventional design of low 
impedance output of 8-10 volts. A constant voltage 
transformer in the supply line of the generator is 
sufficient to keep its voltage output sufficiently con- 
stant. 

The load is measured by feeding the output of the 
differential transformer, at a level of several hun- 
dredths of a volt, through germanium diode recti- 
fiers to a Brown strip chart recorder, 10 millivolts 
full-scale sensitivity. It will be appreciated then that 
the recorder chart drive motor provides the scale for 
elongation output, while the differential transformer 
output is a linear measure of the load. If it is desired, 


LOAD - KILOGRAMS (8) 
LOAD - GRAMS (A) 


10 5 
% ELONGATION (A) 


% ELONGATION (8) 
Fic. 5. Traces at the two extremes of load measuring 
sensitivity. A—A single 1.6-denier filament of viscose 
rayon textile yarn. B—A 3,700-denier rayon tire cord. 
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tool 1002 1003 1090! 10,002 10003 


TIME —————» 


Fic. 6. Typical load-elongation history of a rayon textile yarn sample extended repeatedly to 2% elongation 
(based on the original sample length). 


reversal of the rack-borne clamp G or G’ may be ac- 
complished at given Joads by use of another set of 
two microswitches mounted in the recorder, which 
the pen driving mechanism actuates. These may be 
adjusted at any place across the chart to control the 
load reversals as desired. Finally, an electric elon- 
gation-cycle counter and sequencing unit control the 
apparatus so that it will automatically record a few 
load-elongation traces at logarithmic intervals—4.e., 
at the first, tenth, hundredth, thousandth, and ten- 
thousandth cycle of elongation and release. This may 
be done at either a preset elongation or at a preset 
load. In addition, provision is made for introducing 
a 60-sec. interval between each cycle at zero elonga- 
tion to allow yarn recovery. 

Figure 4 is a general view of the apparatus, in- 
cluding a relay rack which bears the Brown recorder 
and its rectifying input network as well as the audio 
generator. 


Typical Results 


Typical results obtained with this apparatus are 
shown in Figures 5 and 6. Figure 5 shows a load- 
elongation diagram to break of a 1-cm. length of a 


single 1.6-denier filament of rayon textile yarn, and 
the same type of diagram for a 50-cm. length of a 
3,700-denier rayon tire cord. Note that the load 
scales differ in ratio by almost 10°. For the former 
curve the smaller cantilever was used, with the yarn 
clamp at the extreme free end. For the cord curve 
the larger cantilever was used, with the clamp near 
the cantilever anchorage. Figure 6 is a series of typi- 
cal traces of elongation and release of a 50-cm. length 
of textile yarn at 2% elongation. Several cycles at 
the first, tenth, hundredth, thousandth, and _ ten- 
thousandth cycle are shown to demonstrate the change 
in modulus (as shown by the change in slope of the 
load-elongation trace) and the increase in nonrecov- 
ered strain (as shown by the distance between traces 
of successive cycles) at these various increments. 


Acknowledgment 
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(Manuscript received May 7, 1952.) 
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Letters to the Editor 


Short communications in the form of Letters to the Editor are intended to provide prompt 
publication of significant new research results and to permit an exchange of views on papers 


previously published in the JouRNAL. 


These communications are not submitted to formal re- 


view as are research papers, and the editors do not assume any share of the author’s responsi- 
bility for the information given or the opinions expressed. When work previously published 
in the JouRNAL is the subject of critical comment, the authors of the original paper are given 
an opportunity to submit a reply, which will be published concurrently when possible. 


The Ferroxyl Reagent Applied to a Study of 
Knitting Needle Corrosion 


PRESTIGE LIMITED 
Melbourne, Australia 
April 29, 1952 

To the Editor 

TEXTILE RESEARCH JOURNAL 


Dear Sir: 


Corrosion has long been a factor of importance in 
certain textile processes, and in a recent account [6] 
the various means recommended for preventing it 
have been discussed. On full-fashioned knitting ma- 
chines the problem of needle corrosion is always 
present, even though adequate preventive methods 
can in most cases keep the fault down to a satisfactory 
low rate of incidence. Such methods and their rela- 
tive merits have been discussed for machines knitting 
silk [1, 2], on which, of course, conditions differ 
from those for knitting nylon. A recent occurrence 
necessitated investigations which showed the ex- 
treme usefulness of a method which has been known 
for many years as a demonstration experiment. 
This method makes use of the ferroxyl reagent to 
determine the polarity of localized areas on corroded 
knitting needles. It is suggested that its use be ex- 
tended similarly to corrosion investigations on all 
types of small machine parts even though it has been 
stated that this reagent is “so very sensitive that it 
has not proved to be of value for practical work” [7]. 

The ferroxyl reagent consists essentially of an 
agar solution containing potassium ferricyanide and 
phenolphthalein, and the method used in the present 
investigation follows that of Meldrum [5], who has 
discussed the procedure adequately. 


In each of the experiments performed, five needles 
were set simultaneously in the prepared agar in stand- 
ard petri dishes, and the color development was 
closely followed. At variance with Meldrum, who 
stated that color maximum was obtained in two or 
three days, the color maximum of some samples was 
reached in one day and then the color began to fade, 
and certainly the general reaction was a fading 
within several days. All needles, new and corroded, 
were carefully handled with forceps and were de- 
greased in ether. In each dish at least two new 
needles were used as comparative controls, and in no 
case did they exhibit any polarity. Such a result 
eliminated the possibility of potential differences ex- 
isting in the unused needles due to grain boundaries, 
impurities, or strained areas. The most important 
conclusion obtained from a large number of experi- 
ments was that the badly corroded areas were anodic 
with respect to the remaining cathodic parts of the 
needle. 

As originally suggested by Wilson [8], potassium 
ferricyanide may act as an oxidizing depolarizer in 
the absence of oxygen, and thus anodic areas will ap- 
pear blue as usual but cathodic areas will not show 
their characteristic red because there is no sensible 
decrease in pH. This was found to be the case with 
several isolated examples of used needles, which 
showed anodic areas but no other coloration. 

The corrosion of a metal, whether from electro- 
chemical or chemical attack, is a surface reaction 
due to contact with certain environmental elements. 
In the case of knitting needles, alternating stress 
and corrosive influences produce more damage when 
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operating together than when occurring singly. In 
such cases, any pitting becomes deeper and more 
prevalent [3]. With the corroded needles, corrosion 
was most marked at the top of the clamped portion, 
in a manner similar to that in which solids immersed 
in corrosive liquids often show more corrosion at the 
liquid line [4]. The corrosion of the needles exam- 
ined was considered to be caused by differential 
aeration, in which the surface preferentially supplied 
with oxygen becomes cathodic with respect to the re- 
mainder. The unaerated anodic area is consumed, 
and as cavities appear the surface becomes less and 
less accessible to oxygen, hence more anodic, and so 
the cavities deepen. Under such conditions serious 
corrosion can take place rapidly and, indeed, so 
damage the needles that actual fractures occur within 
several weeks. 

The possibility of inferiority of the steel of the 
affected needles was considered, and therefore com- 
parisons were made between several samples of dif- 
ferent origin. No significant differences were de- 
tected by either metallurgical or spectrographic analy- 
sis. The former showed that the needles in current 
use consist of spheroidal carbides in a dark-etched 
matrix of tempered martensite. As detected spectro- 


Monsanto CHEMICAL COMPANY 
MERRIMAC DIVISION 
Everett, Massachusetts 
May 22, 1952 
To the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 


The paper “Cellulose Studies: Part XVI: The Re- 
action of Cellulose with Formaldehyde,” by Robert 
E. Wagner and Eugene Pacsu (TEXTILE RESEARCH 
JourNnaL 22, 12-20 (1952)) is of considerable in- 
terest. The experimental work seems to have been 
done well on a particularly difficult problem. The 
presentation is for the most part commendable. 


“The Reaction of Cellulose with Formaldehyde” 
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scopically, the alloying elements in all cases were 
0.1% chromium and 0.2% vanadium. 

The investigation using the ferroxyl indicator al- 
lowed a clearer understanding of the corrosion prob- 
lem to be obtained, and therefore a better appreciation 
of the preventive measures necessary, both in the 
handling of the needles and during the knitting op- 
eration itself. 

Acknowledgment is gratefully made to I. B. Mc- 
Kenzie for the metallurgical and spectrographic 
analyses. 
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The authors emphasized that “acids as weak as 
boric acid” are effective in the introduction of co- 
valently bonded formaldehyde into cellulose, and 
claimed to have developed a new method in which 
the reaction of cellulose and formaldehyde to form 
methylene ethers can be effected with “acid catalysts 
as mild as boric acid.” 

These statements give rise to two objections. First, 
since no other acids as “weak” as boric were tried, 
the authors were not justified in making the generali- 
zation that acids as weak and mild as boric acid ef- 
fect cellulose methylene ether formation. Other 


acids having dissociation constants of the same order 
as boric acid are hydrogen sulfide, hydroquinone, hy- 
None 


drocyanic acid, arsenious acid, and phenol. 





NAL 


vere 


 al- 
rob- 
tion 

the 


Mc- 
phic 


‘and 
, p. 


.On- 


+8). 
tuff 


raw 


as 
co- 
and 
‘ich 
rm 


Aucust, 1952 


of these was tried and, as shown below, none is likely 
to produce the effects obtained with boric acid. 

Secondly, the authors failed to mention the unique 
behavior of boric acid in the presence of sugars. 
Boric acid in simple aqueous solution is known to be 
a very weak acid. Saturated solutions of it are com- 
monly used as eyewash. Its dissociation constant is 
about 6.4 x 10°°°. Relative to boric acid, acetic 
acid, itself a weak acid, is intermediate in strength. 
The dissociation constant of acetic acid is 1.8 x 10°, 
about 27,000 times that of boric acid. It yields a hy- 
drogen ion concentration (true acidity) more than 
1,000 times that of boric acid. But boric acid has a 
characteristic behavior which is not so well known 
as its weakly acidic nature. In the presence of sugars 
and other polyhydric alcohols, such as glycerol and 
glycol, boric acid is a much stronger acid than in 
plain water solutions. For example, boric acid in 
water is too weak to be titrated with sodium hydrox- 
ide-phenolphthalein but can be determined quanti- 
tatively by titration on addition of mannite or glyc- 
erol [2]. Apparently, boric forms diol complexes 
with these alcohols and as a result is activated [3]. 
Boric acid also increases the viscosity of dextrin and 
imparts “gummier” characteristics [1], which indi- 
cates complex formation of a cross-linking type with 
this polysaccharide. 

Cellulose also is a polyhydric alcohol, and, in view 
of the known behavior of dextrin, it seemed probable 
that boric acid could form complexes with cellulose 
and develop greater than ordinary acidity. This 
suspicion has been confirmed by the few simple ex- 
periments described below. 

Measurements of pH were made on several solu- 
tions, with the following results: 


Solution pH 
10 ml. saturated boric acid in 100 ml. distilled water 5.4 
Same as above plus 5 g. neutral glycerol 45 
Dry boric acid in neutral giycerol 2.0 
Dry boric acid in 37% formalin* 3.4 


*Formalin neutralized to pH 5.4 before addition of dry 
boric acid. , 

These data show the activating effect of glycerol on 
boric acid, and demonstrate that formaldehyde also 
is an activating agent. 

A further experiment indicates that, boric acid in- 
teracts with cellulose. Pure-finish cotton fabric (80 
x 92 construction) was padded through 5% boric 
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acid and air-dried. After being subjected to differ- 
ent treatments, portions of the fabric were condi- 
tioned at 70°F and 65% R.H., and tear strengths 
were determined on the Elmendorf Tester. Treat- 
ments and corresponding tear strengths (each value 
is the average of 10 measurements in the warp direc- 
tion) are shown below: 


Ave. tear 
Treatment strength (g.) 

5% boric acid only 552 
5% boric acid, after 5-min. wash at 125°F 578 
5%, boric acid, heated 5 min. on flat-bed 

ironer 493 
5% boric acid, heated on flat-bed and then 

washed at 125°F 561 


A reduction in tear strength results from dehydra- 
tion of the fabric on the flat-bed ironer, but the 
fabric recovers on being washed. This indicates an 
interaction of boric acid and cellulose, probably of a 
temporary cross-linking type. 

Finally, a pure-finish white viscose rayon fabric 
was padded through 5% boric acid and dried. Boric 
acid solution, treated fabric, and untreated fabric 
were then spot-tested with Bromphenol Blue indi- 


cator. The results were as follows: 

Material tested Indicator Approximate pH 
5% boric acid Blue 4.8 or higher 
Boric-treated viscose Yellow 3.0 or lower 
Untreated viscose Blue 4.8 or higher 


These observations demonstrate that boric acid 
on cellulose is more strongly acidic than in simple wa- 
ter solution. 

It is concluded from these experiments that both 
formaldehyde and cellulose exert an activating effect 
on boric acid and increase its acidity. This activa- 
tion must have played a role in the observations of 
Wagner and Pacsu,:and should be considered in the 
interpretation of their results. 
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Correction to “A Numerical Solution of the Differential Equation 
for Adsorption-Controlled Diffusion in a Solid” 


Kyoto UNIVERSITY 
Department of Fisheries 
Faculty of- Agriculture 
Maizuru, Japan 
May 21, 1952 

To the Editor 

TEXTILE RESEARCH JOURNAL 


Dear Sir: 


In the April, 1952, issue of TEXTILE RESEARCH 
JouRNAL, the author presented a paper dealing with 
a numerical solution of the differential equation for 
diffusion accompanying adsorption which is governed 
by an irreversible bimolecular kinetics. Recently, he 
became aware of a mistake concerning the error esti- 
mation of equation (11). It was stated that equa- 
tion (11) could be used in place of equation (6) 
within error of the order of s*, where s is the space 
increment adopted in the numerical integration. 
However, it is shown by expanding both sides of 
equation (11) in power series in \ and in s, respec- 
tively, and by comparing the resultant equations that 
the replacement of equation (6) by equation (11) is 
permissible only within error of the order of s*. 

The mistake was caused by making a hasty de- 
duction from Watanabe’s paper.* Watanabe showed 


* Watanabe, N., Misc. Repts. Faculty Engineering, Kyuhu 
Univ. 21, 43 (1949). 


that the usual diffusion equation of the form 

sO 

dr 2? 
could be replaced within an error of the order of 5° 
by a difference equation of the form 


o(z,7 +d) = Lolz +s, 7) + 40(2, 7) + (2 — 5,7)], 
but he did not mention that such a replacement is 
applicable with the same degree of accuracy to equa- 
tions of the diffusion type involving any additional 
term such as equation (6) in the present author’s 
paper. In fact, for diffusion equations with any ad- 
ditional term, the above replacement is shown to hold 
only within an error of the order of s*. This is also 
the case even if the difference form is replaced by the 
corresponding integral form as made in equation 
(6). In spite of these limitations of the above dif- 
ference equation, the author took it for granted that 
it should be applicable with an accuracy of the order 
of s* to equation (6), and was thus led to the incor- 
rect statement for the error estimation of equation 
(11). Equation (11) is only valid as an approxi- 
mation to equation (6) within error of the order of 
s*. With this correction, subsequent descriptions 
from equation (11) must also be corrected, with all 
remaining equations being unchanged. For the nu- 
merical results presented, of course, no changes need 
be made. 
Hrrosui Fujita 


Locating a Fabric on the Fabric Geometry Graph 


JOHNSON & JOHNSON 
RESEARCH DEPARTMENT 
Chicago, Illinois 

June 10, 1952 


To the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 


In the article “Mechanic#of Elastic Performance 
of Textile Materials: Part VIII: Graphical Analy- 


sis of Fabric Geometry,” which appeared in the 
March, 1952, issue of TEXTILE RESEARCH JOURNAL, 
the method of locating D; was covered only. briefly, 
and unfortunately an error occurred in the presenta- 
tion of the procedure (see “Correction” on pp. 557-8 
of this issue). The overly brief description and the 
error no doubt combined to create some confusion in 
the minds of those interested, and the author wishes 
to take this opportunity to clarify the situation. 
According to the procedure given, D, is located in 




























Avucust, 1952 


the graph through the use of the knowledge of the 
crimps and thread spacings of a given fabric. This is 
tantamount to a complete analysis of all eleven geo- 
metrical dimensions of the fabric, since the two points 
for a fabric, once located on the graph, yield the com- 
plete data. This analytical operation cannot be 
solved by any simple mathematical technique such 
as an expansion or approximation, and it was pointed 
out that Peirce’s procedure requires a trial-and-er- 
ror solution involving the use of a graph. 

The procedure set forth in the corrected Table II 
(see the “Correction”’) illustrates the fact that if four 
dimensions of a fabric are given, the other seven are 
fixed and calculable. ‘Crimps and K’s form the basic 
rectangular coordinates of the main graph. Crimps 
(%C) are readily located in their proper ordinate 
lines, but K’s cannot be located from a knowledge of 
thread spacings (T’s) until D; is known, and that is 
the very value being sought. The procedure, then, 
is to obtain any rough approximation of Dy and cal- 
culate approximate K’s from K, = .01395 T,D,; and 
K, = .01395 T,D,;. The approximation of D, was 
obtained from the sum of the approximate values of 
h given by Peirce’s equations :h, = 136 ¥%C,/T, and 
h, = 136 V%C,/T,. It is important to note that 
these approximate values of 4 do not have to be ac- 
curate at all—that is, the constant in the equations 








Correction 


In the article ‘‘Mechanics of Elastic Performance of Textile Materials: Part 
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could be any number.around 136, just so the approxi- 
mate value of D; is of the correct order of magnitude. 

The next step is to read values of h/Dy using the 
approximate values of K and given values of %C. 
These two approximate values of h/D,; will not add 
to 1.0 (unless they happen to be the precise values). 
When each approximate h/D; is divided by the sum 
of approximate h/D,’s, the precise value of each 
h/Dy is obtained. 

The final step consists of reading the precise values 
for K, from the graph at the intersection of the given 
%C, and precise h,/Dy;, and for K, at the intersection 
of the given %C, and precise h,/D;. These values lo- 
cate the fabric on the graph precisely. As a check, 
the ratio of K,/K, should be identical with the ra- 
tio T,/T, (given). It is interesting to note that this 
value of K,/K,, although known originally (since 
T,/T, = K,/K,), could not be used outright to lo- 
cate the K values on the graph. It does serve as a 
check on the accuracy of reading the graph, however. 
By careful reading of the graph and checking against 
the K,/K, ratio, the precise values of K can be 
obtained easily to an accuracy of better than 1%. 
There is only one precise pair of points on the graph 
that will satisfy both h,/D;+h,/D;=1.0 and K,/ 
K, = T,/T, when the %C’s and T’s are given. 


E. V. PAINTER 









VIII: Graphical Analysis of Fabric Geometry,” by E. V. Painter, which appeared 
in the March, 1952, issue of TEXTILE RESEARCH JOURNAL, errors appeared on the 


following pages: 





p. 159: Table I. 


Equations for shrinkage were shown for fractional shrinkages 






S. and S;, while answers were given in terms of % S, and % S;, where 


100 S. = % S. and 100 S; = % S;. 


p. 160: The phrase following equation (6) should read ‘‘allowing calculation of 
K’s”’ instead of “allowing calculation of h/D’s.”. The next sentence 
should begin ‘‘These values of K can . . .”’ instead of ‘“These values of 
h/D can ...”’ The values of h/D in Figure 4 should read ‘“h/D = 
0.536” instead of ‘‘h/D = 0.532” and ‘“‘h/D = 0.464”’ instead of ‘‘h/D = 


0.468.”’ 


TEXTILE RESEARCH JOURNAL 
Table II should read as follows: 


TABLE II. EXAMPLE oF LOCATING PRECISE D; 
WwW Xx 


F . 
Threads/in., T 72 x 53 hei 
Crimp, %C 10.8 16.6 sae 


136V%Ci/T2 = hy 8.4 
136V%C2/T: = he af 
hy + he = Dy : Approximate 
01395(T;)16.1 = Ky "16.2 
01395(T2)16.1 = Ks 11.9 


Read h/D's from graph: 
Adjust sum h/D’s = 1.0, 
or (h/D)/0.970 gives: 


Using adjusted h/D’s, 
read K’s from graph 
as in Figure 4: 
K/.01395T = D’; 
(0.536)(15.7) = hs 
(0.464) (15.7) = h’> 423 


The numerator of equation (7) should read “‘p2V2C; + pivV2C2” instead 
of “De 2C; + Pi +: hae 


The end of the sentence following equation (7) should read ‘‘from a graph 
of V%C vs. D/p”’ instead of ‘from a graph of %C vs. D/p.” 


In Table III the line ‘136 %Ci/T2 = h,” should read “136V%Ci/T2 = 
* 


Equation (9) should read “D = 1/.01395VN = (2)(35.85)/VN” instead 
of “D = 1/.01395N = (2)(35.85)/N.” 


Equation (10) should read ‘“‘K, = T,,/VN” instead of “K, = T,,/N.” 


Figure 6 would probably be clearer if ‘‘N;,”’ “‘d,,”’ and ‘“‘denier,’’ read 
““N;,”’ “dy,” and “deniers” and if “No,” “de,” and “denier.” read “Ny,” 
“dw,” and “‘denier,.’’ The subscripts 1 and 2 were used merely to empha- 
size that the larger N value is always read along the 8 = 2.0 line and the 
smaller N value always along the base, regardless of which is warp and 
which is filling yarn. 


The sentence part following equation (8) should read ‘‘since, by definition, 
1000/T = p’’ instead of ‘‘since, by definition, 7/1000 = p.”’ 
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Book Reviews 


Crystal Structures. First Supplement to Vol. I 
and Vol. II. Ralph G. Wyckoff. New York, Inter- 
science Publishers, Inc. First Supplement to Vol. 
I: 1951; 27 pp. of text, 64 pp. of tables; price, $4.00. 
Vol. II: 1951; 253 pp. of text, 74 illustrations, 256 
pp. of tables; with binder ; price, $10.00. 


(Reviewed by Albert C. Walker, Bell Telephone 
Laboratories, Murray Hill, N. J.) 


These two installments of Dr. Wyckoff’s com- 
pendium of information on crystal structures brings 
the material published in the first volume (1948) up 
to date and includes much new material. This work, 
the only one of its kind, is extremely valuable, and 
should be included in the library of everyone inter- 
ested in the structure and properties of chemical 
compounds. 

This publication contains most, if not all, of the 
published work from many countries on crystal struc- 
ture. In addition, it includes comments and critical 
discussions by the author. With his extensive back- 
ground and comprehensive appreciation of crystal- 
lographic data, the inclusion of his observations 
greatly enhances the scope and usefulness of this 
publication. 

While the material in Volume I and the First Sup- 
plement relates to inorganic compounds, Volume II 
includes also a considerable amount of material on 
organic compounds. Discussions are included of 
some long-chain aliphatic compounds, such as adipic 
and sebacic acids, urea, glycine, and alanine. 

The inclusion of discussions of such organic mate- 
rial extends the value of this work to those textile 
investigators who have long been interested in the 
structure of cellulose and protein materials. 


Holleman’s Organic Chemistry. Revised by 
J. P. Wibaut. Houston, Elsevier Press, Inc., 1951. 
662 + xiv pages. Price, $9.00. 


(Reviewed by O. P. Cohen, Monsanto Chemical Co., 
Boston, Mass.) 


This text is the latest revised edition of Holle- 
man’sTextbook of Organic Chemistry; special care 


has been taken in retaining the character of the 
original work. The division of subject matter into 
aliphatic, carbocyclic, and heterocyclic compounds 
is maintained, but modern physical concepts of re- 
actions and structures are found throughout the 
book. The latter discussions preclude a knowledge 
of the Bohr atom. 

The introductory chapter discusses the macro 
methods of analysis of organic compounds and some 
of the techniques available for determination of 
physical properties, including a detailed treatment 
of molecular weights. 

Original author references are cited throughout 
the volume. Some of the subjects included are 
phosphonium, sulfonium, and arsonium compounds, 
carbon-silicon compounds, cyclo-octatetrene, vinyl 
polymerization, ethylene oxide reactions, alkaloids, 
antibiotics, and hormones, in addition to detailed 
coverage of the fundamental materials and reactions 
of organic chemistry. A few subjects, such as the 
perfluoro hydrocarbons and acids, melamine and 
ammeline, and the nitrogen mustards, are not 
covered. 

The final chapter in the book is a guide to the 
use of chemical literature, and should prove to be 
of value to undergraduate students of chemistry and 
allied subjects. The entire book is designed to meet 
their need for a reference text. It is not recom- 
mended for the detailed needs of graduate chemistry 
students or advanced research workers. 


The Chemical Technology of Dyeing and 
Printing. Vol. II. Louis Diserens. Translated 
and revised from the second German edition by 
Paul Wengraf and Herman P. Baumann. New 
York, Reinhold Publishing Corp., 1951. 446 + xii 
pages. Price, $12.00. 


(Reviewed by George H. Schuler, E. I. du Pont de 
Nemours & Company, Inc., Wilmington, Del.) 


This second volume contains data on the applica- 
tion of direct, basic, and acid dyes, as well as aniline 
black and pigments. Other classes of dyes were 
presented in Volume I. Given in considerable detail 
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are the uses of these dyes on the natural fibers as 
well as on synthetic fibers, including the newer ones 
more recently announced. 

As was done in Volume I, printing formulations 
and procedures are emphasized, and the literature 
references are complete. However, there is no 
critical interpretation of the references cited. In 
general, conventional dyeing processes are given 
briefly as an introduction to many literature abstracts 
covering methods of improvimg processes or influenc- 
ing the fastness properties of the dyeings or prints. 
Detailed formulas from the literature references are 
a feature of the book. 

The chapters on the dyeing and printing of cel- 
lulose acetate and the newer synthetic fibers are 
particularly well done, with literature references up 
to and including 1949. 

The modern treatment characteristic throughout 
is especially exemplified by the chapter on pigments. 
The treatment of the historic binders is complete. 
The newer resin emulsion systems for binding pig- 
ments are also well presented. 

This book, together with the earlier Volume I, 
represents a distinct contribution to the literature of 
dyeing and printing. They will be wanted in every 
library which attempts to cover this field, and will 
have continuing utility through the years to come 
because of the wealth of useful literature references. 


Adhesion and Adhesives. Edited by N. A. de 
Bruyne and R. Houwink. New York,: Amsterdam, 
London, and Brussels, Elsevier Publishing Com- 
pany, Inc., 1951. 517+ xv pages. Price, $10.00. 


(Reviewed by Edmund N. Harvey, Jr., Inter- 
chemical Corporation, New York, N. Y. 


This volume surveys adhesives and their behavior 
from the viewpoints both of their uses, together with 
some discussion of the theoretical background in- 
volved, and of the nature of the adhesives them- 
selves. There are nine chapters by fourteen authors ; 
the book is divided into two parts, Theoretical As- 
pects and Technological Aspects. 

So wide is the variety of fields covered and so 
diverse is the phenomena described that a specialist 
in any one aspect of adhesion can profit by the ac- 
quaintance which this book provides with other as- 
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pects of the subject. The emphasis is on the more 
obvious topics in adhesion, such as soldered joints, 
gummed paper, and the theory and testing of glued 
wood joints. The sections dealing with the last- 
mentioned are perhaps the most satisfactory from 
the standpoint of completeness and detail. Applica- 
tions to textile technology are but briefly mentioned. 

The embryonic and, in most respects, unsatis- 
factory state of the science of adhesion is brought 
forcefully to the reader’s attention by the first few 
chapters, but this is a condition with which the 
editors are thoroughly familiar, as indicated by their 
prefatory remark that since “it is still not possible 
to predict with certainty whether ... two given 
liquids will be miscible, . . . the difficulty of form- 
ulating a comprehensive theory of adhesion becomes 
apparent.” We shall hope that current’ research 
work in various quarters will aid in remedying these 
deficiencies in knowledge. Meanwhile, we cannot do 
better than to consult de Bruyne and Houwink’s 
compendium in our quest for answers to adhesion 
problems. 


